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CHAPTER   I. 


CALCULATING  THE  DIMENSIONS  OP  WORM 
GEARING. 

The  present  chapter  is  intended  to  be  a  compilation  of  rules  for  the 
calculation  of  the  dimensions  of  worm  gearing,  expressed  with  as  much 
simplicity  and  clearness  as  i>08sible.  No  attempt  has  been  made  to 
give  rules  for  estimating  the  strength  or  durability  of  worm  gearing, 
although  the  question  of  durability,  especially,  is  the  determining  fac- 
tor in  the  design  of  worm  gearing.  If  the  worm  and  wheel  are  so 
proportioned  as  to  have  a  reasonably  long  life  under  normal  working 
conditions,  it  may  be  taken  for  granted  that  the  teeth  are  strong 
enough  for  the  load  they  have  to  bear.  No  simple  rules  have  ever  been 
proposed  for  proportioning  worm  gearing  to  suit  the  service  it  is  de- 
signed for.  Judgment  and  experience  are  about  the  only  factors  the 
designer  has  for  guidance.    In  Europe,  a  number  of  builders  are  regu- 
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T\g.  1.   XMstlaetloB  b«tw»«a  fbe  Terms  l^mmA  and  Linear  Pitch  as 
Appllad  to  Worms 

larly  manufacturing  worm  drives,  guaranteed  for  a  given  horse-power 
at  a  given  speed.  The  dimensions  of  these  drives  are  not  made  pub- 
lic, however;  they  would  doubtless  be  of  great  value  for  purposes  of 
comparison  if  they  could  be  obtained.  In  the  absence  of  these  or  other 
practical  data,  this  phase  of  the  subject  has,  of  necessity,  not  been  en- 
tered upon. 

DeflnitionB  and  Rules  for  Dimensions  of  the  Worm. 
In  giving  names  to  the  dimensions  of  the  worm,  there  is  one  point 
in  which  there  is  sometimes  confusion.  This  relates  to  the  distinction 
between  the  terms  "pitch"'  and  "lead."  In  the  following  we  will  ad- 
here to  the  nomenclature  indicated  in  Fig.  1.  Here  are  shown  three 
worms,  the  first  single-threaded,  the  second  double-threaded,  and  the 
last  triple-threaded.     As  shown,  the  word  '"lead"  is  assumed  to  ihean 
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4  fVORM  GEARING. 

the  distance  which  a  given  thread  advances  in  one  revolution  of  the 
worm,  while  by  "pitch,"  or  more  strictly,  "linear  pitch,"  we  mean  the 
distance  between  the  centers  of  two  adjacent  threads.  As  may  be 
clearly  seen,  the  lead  and  linear  pitch  are  equal  for  a  single-threaded 
worm.  For  a  double-threaded  worm  the  lead  is  twice  the  linear  pitch, 
and  for  a  triple-threaded  worm  it  is  three  times  the  linear  pitch.  From 
this  we  have: 

Rule  1.  To  find  the  lead  of  a  worm,  multiply  the  linear  pitch  by  the 
number  of  threads. 

It  is  understood,  of  course,  that  by  the  number  of  threads  is  meant, 
not  the  number  of  threads  per  inch,  but  the  number  of  threads  in  the 
whole  worm — one,  if  it  is  single-threaded,  four,  if  it  is  quadruple- 
threaded,  etc.    RuJe  1  may  be  transposed  to  read  as  follows: 

Rule  2.  To  find  the  linear  pitch  of  a  worm^  divide  the  lead  by  the 
number  of  threads. 

The  standard  form  of  worm  thread,  measured  in  an  axial  section 
as  shown  in  Fig.  2,  iias  the  same  dimensions  as  the  standard  form  of 
involute  rack  tooth  of  the  same  linear  or  circular  pitch.    It  is  not  of 
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ng.  a.    Nomenol»ture  of  Worm  Dimensions. 

exactly  the  same  shape,  however,  not  being  rounded  at  the  top,  nor 
provided  with  fillets.  The  thread  is  cut  with  a  straight-sided  tool, 
having  a  square, «  flat  end.  The  sides  have  an  inclination  with  each 
other  of  29  degrees,  or  14%  degrees  with  the  center  line.  The  follow- 
ing rules  give  the  dimensions  of  the  teeth  in  an  axial  section  for 
various  linear  pitches.    For  nomenclature,  see  Fig.  2. 

Rule  3.  To  find  the  whole  depth  of  tte  worm  tooth,  multiply  the 
linear  pitch  by  0.6866. 

Rule  4.  To  find  the  uHdth  of  the  thread  tool  at  the  end,  multiply 
the  linear  pitch  by  0.31. 

RtJLE  5.  To  find  the  addendum  or  height  of  worm  tooth  above  the 
pitch  line,  multiply  the  linear  pitch  by  0.3183. 

Rule  6.  To  find  the  outside  diameter  of  the  worm,  add  together 
the  pitch  diameter  and  twice  the  addendum. 
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CALCULATING  THE  DIMENSIONS.  6 

Rule  7.  To  find  the  pitch  diameter  of  the  worm,  subtract  ttoice 
the  addendum  from  the  outside  diameter. 

Rule  8.  To  find  the  bottom  diameter  of  the  toorm,  subtract  twice 
the  whole  depth  of  tooth  from  the  outside  diameter. 

Rule  9.  To  find  the  helix  angle  of  the  worm  and  the  gashing  angle 
of  the  wormrwheel  tooth,  multiply  the  pitch  diameter  of  the  worm  by 
3.1416,  and  divide  the  product  by  the  lead;  the  result  is  the  cotangent 
of  the  tooth  angle  of  the  worm. 

Rules  for  Dlmensloninfir  the  Worm- Wheel. 
The  dimensions  of  the  worm-wheel,  named  in  the  diagram  shown  in^ 
Fig.  3,  are  derived  from  the  number  of  teeth  determined  upon  for  it, 
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and  the  dimensions  of  the  worm  with  which  it  is  to  mesh.  The  fol- 
lowing rules  may  be  used: 

Rule  10.  To  find  the  pitch  diameter  of  the  worm-wheel,  multiply 
the  number  of  teeth  in  the  wheel  by  the  linear  pitch  of  the  worm,  and 
divide  the  product  by  3.1416. 

Rule  11.  To  find  the  throat  diameter  of  the  worm-wheel,  add  twice 
the  addendum  of  the  worm  tooth  to  the  pitch  diameter  of  the  worm- 
wheel. 
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8  IVORM  GEARING. 

Rule  12.  To  ft^id  the  radius  of  curvature  of  the  wonii-v)heet  throat, 
subtract  twice  the  addendum  of  the  worm  tooth  from  half  the  outside 
diameter  of  the  worm. 

The  face  angle  of  the  wheel  Is  arbitrarily  selected;  60  degrees  is  a 
good  angle,  but  it  may  be  made  as  high  as  80  or  even  90  degrees, 
though  there  is  little  advantage  in  carrying  the  gear  around  so  great 
a  portion  of  the  circumference  of  the  worm,  especially  in  steep  pitches. 

Rule  13.  To  find  the  diameter  of  the  worm-wheel  to  sharp  comers, 
multiply  the  throat  radius  by  the  cosine  of  half  the  face  angle,  sub- 
tract this  quantity  from  the  throat  radius,  multiply  the  remainder 
by  2,  and  add  the  product  to  the  throat  diameter  of  the  worm-wheel. 

If  the  sharp  comers  are  flattened  a  trifle  at  the  tops,  as  shown  in 
Figs.  3  and  5,  this  dimension  need  not  be  figured,  "trimmed  diameter" 
being  easily  scaled  from  an  accurate  drawing  of  the  gear. 

There  is  a  simple  rule  which,  rightly  understood,  may  be  used  for 
obtaining  the  velocity  ratio  of  a  pair  of  gears  of  any  form,  whether 
spur,  spiral,  bevel,  or  worm.  The  number  of  teeth  of  the  driven  gear, 
divided  by  the  number  of  teeth  of  the  driver,  will  give  the  velocity 
ratio.    For  worm  gearing  this  rule  takes  the  following  form. 

Rule  14.  To  find  the  velocity  ratio  of  a  worm  and  worm-wheel, 
divide  the  number  of  teeth  in  the  wheel  by  the  number  of  threads  in 
the  worm. 

Be  sure  that  the  proper  meaning  is  attached  to  the  phrase  "number 
of  threads"  as  explained  before  under  Rule  1.  The  revolutions  per 
minute  of  the  worm,  divided  by  the  velocity  ratio,  gives  the  revolu- 
tions per  minute  of  the  worm-wheel. 

Rule  15.  To  find  the  distance  between  the  center  of  the  worm- 
wheel  and  the  center  of  the  worm,  add  together  the  pitch  diameter  of 
the  worm  and  the  pitch  diameter  of  the  worm-wheel,  and  divide  the 
sum  by  2. 

Rule  16.  To  find  the  pitch  diameter  of  the  worm,  subtract  the  pitch 
diameter  of  the  worm-wheel  from  twice  the  center  distance. 

The  worm  should  be  long  enough  to  allow  the  wheel  to  act  on  it  as 
far  as  it  will.  The  length  of  the  worm  required  for  this  may  be 
scaled  from  a  carefully-made  drawing,  or  it  may  be  calculated  by  the 
following  rule: 

Rule  17.  To  find  the  minimum  length  of  worm  for  complete  action 
with  the  worm-wheel,  subtract  four  times  the  addendum  of  the  worm 
thread  from  the  throat  diameter  of  the  wheel,  square  the  remainder, 
and  subtract  the  result  from  the  square  of  the  throat  diameter  of  the 
wheel.  The  square  root  of  the  result  is  the  minimum  length  of  worm 
advisable. 

The  length  of  the  worm  should  ordinarily  be  longer  than  the  dimen- 
sion thus  found.  Hobs,  particularly,  should  be  long  enough  for  the 
largest  wheels  they  are  ever  likely  to  be  called  upon  to  cut. 

Departures  f^om  the  Above  Rules. 
The  throat  diameter  of  the  wheel  and  the  center  distance  may  have 
to  be  altered  in  some  cases  from  the  figures  given  by  the  preceding 
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imles.  If  worm-wheela  with  small  numbers  of  teeth  are  made  to  the 
dimensions  given,  it  will  be  found  that  the  flanks  of  the  teeth  will 
be  partly  cut  away  by  the  tops  of  the  hob  teeth,  so  that  the  full  bear- 
ing area  is  not  available.  The  matter  becomes  serious  when  there  are 
less  than  25  teeth  in  the  worm-wheel.  There  are  two  ways  of  avoiding 
the  difliculty.  One  of  them  is  to  increase  the  included  angle  of  the 
sides  of  the  thread  tool.  This  departure  from  standard  form,  however, 
may  be  avoided  by  an  increase  in  the  throat  diameter  of  the  wheel, 
and  consequently  in  the  center  distance.  Discussions  of  this  subject 
will  be  found  in  "Formulas  in  Gearing,"  and  "Practical  Treatise  on 
Gearing,"  both  published  by  the  Brown  &  Sharpe  Mfg.  Co.,  Provi- 
dence, R.  I. 

On  the  other  hand,  some  designers  claim  to  get  better  results  in 
efiBciency  and  durability  by  making  the  throat  diameter  of  the  worm- 
wheel  89naUer  than  standard,  where  it  is  possible  to  do  so  without  too 
much  under-cutting.  A  discussion  of  this  subject  will  be  found  in 
Chapter  IV  of  this  treatise.  In  no  case,  however,  should  the  throat 
diameter  ever  be  made  so  small  as  to  produce  more  interference  than 
is  met  with  in  a  standard  25-tooth  worm-wheel. 

Two  Applications  of  Worm  Gearing. 

Worm-wheels  are  used  for  two  purposes.  They  may  be  employed  to 
transmit  power  where  it  is  desired  to  make  use  of  the  smoothness 
of  action  which  they  give,  and  the  great  reduction  in  velocity  of  which 
they  are  capable;  instances  of  this  application  of  worm  gearing  are 
found  in  the  spindle  drives  of  gear  cutters  and  other  machine  tools. 
They  are  also  used  where  a  great  increase  in  the  effective  power  is 
required;  in  this  case  advantage  is  generally  taken  of  the  possibility 
of  making  the  gearing  self-locking.  Such  service  is  usually  intermit- 
tent or  occasional,  and  the  matter  of  waste  of  power  is  not  of  so  great 
importance  as  in  the  first  case.  Examples  of  this  application  are  to 
be  found  in  the  adjustments  of  a  great  many  machine  tools,  in  train- 
ing and  elevating  gearing  for  ordnance,  etc.  Calculations  for  the 
general  design  of  this  class  of  gearing  will  be  treated  separately.  (See 
Chapter  V.)  In  the  case  of  elevator  gearing  and  worm  feeds  for 
machinery,  the  functions  of  the  gearing  are,  in  a  measure,  a  com- 
bination of  those  in  the  two  applications. 

Bxamp^es  of  Worm  Gearing  Figured  from  the  Rules. 

To  show  how  the  rules  given  above  may  be  applied,  we  will  work 
out  two  examples.  The  first  of  these  is  for  a  light  machine  tool  spindle 
drive.  In  which  power  is  to  be  transmitted  continuously.  It  is  deter- 
mined that  the  velocity  ratio  shall  be  8  to  1,  and  that  the  proper 
linear  pitch  to  give  the  strength  and  durability  required  shall  be 
about  %  inch;  the  center  distance  is  required  to  be  5  inches  exactly. 
This  case  comes  under  the  first  of  the  two  applications  Just  described. 

Assume,  for  instance,  32  teeth  in  the  wheel,  and  a  quadruple-thread 
worm.  We  will  figure  the  gearing  with  these  assumptions,  and  see  if 
it  appears  to  have  j)ractical  dimensions. 
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The  pitch  diameter  of  the  worm-wheel  by  Rule  10  is  found  to  b^ 

32  X  % 

=7.6394  inches. 

3.1416 

The  pitch  diameter  of  the  worm  by  Rule  16  is  found  to  be 
(2  X  5)  —  7.6394  =  2.3606  inches. 

The  addendum  of  the  worm  thread  by  Rule  5  is  found  to  be 
0.3183  X  %  =  0.2387  inch. 

The  outside  diameter  of  the  worm  by  Rule  6  is  found  to  be 
2.3606  +  (2  X  0.3183)  =2.9972  inches. 

For  transmission  gearing  the  angle  of  inclination  of  the  worm 
thread  should  be  not  less  than  18  degrees  or  thereabouts,  and  the 
nearer  30  or  even  40  degrees  it  is,  the  more  efficient  will  it  be.  From 
Rule  1  we  find  the  lead  to  be  4  X  %  =  3  inches. 

The  helix  angle  of  the  worm  thread  is  found  from  Rule  9,  2.3606  X 
3.1416  -7-  3  =  2.4722  =  cot.  22  degrees,  approximately.  This  angle  will 
give  fairly  satisfactory  results.  The  calculations  are  not  carried  any 
further  with  this  problem,  whose  other  dimensions  are  determined 
from  those  Just  found.  In  the  following  case,  however,  all  the  calcu- 
lations are  made. 

For  a  second  problem  let  it  be  required  to  design  worm  feed  gearing 
for  a  machine  to  utilize  a  hob  already  in  stock.  This  hob  is  double- 
threaded,  %  inch  linear  pitch,  and  2^  inches  diameter.  The  center 
distance  of  Che  gearing  is  immaterial,  but  it  is  decided  that  the  worm- 
wheel  ought  to  have  about  45  teeth  to  bring  the  ratio  right.  The  only 
calculations  made  are  those  necessary  for  the  dimensions  which  would 
appear  on  the  shop  drawing. 

To  find  the  lead,  use  Rule  1:     0.5  X  2  =  1.0  inch. 

To  find  the  whole  depth  of  the  worm  tooth,  use  Rule  3:  0.5  X 
0.6866  =  0.3433  inch. 

To  find  the  addendum,  use  Rule  5:     0.5  X  0.3183  =  0.15915  inch. 

To  find  the  pitch  diameter  of  the  worm,  use  Rule  7:  2.5  —  2X 
0.15915  =  2.1817  inches. 

To  find  the  bottom  diameter  of  the  worm,  use  Rule  8:  2.5  —  2  X 
0.3433  =  1.8134  inch. 

To  find  the  gashing  angle  of  the  worm-wheel,  use  Rule  9:  2.18  X 
3.14  -f- 1  =  6.845  =  cot.  8  degrees  20  minutes,  about. 

To  find  the  pitch  diameter  of  the  worm-wheel,  use  Rule  10:  45  X 
0.5  -T-  3.1416  =  7.1620  inches. 

To  find  the  throat  diameter  of  the  worm-wheel,  use  Rule  11: 
7.1620  +  2  X  0.16915  =  7.4803  inches. 

To  find  the  radius  of  the  throat  of  the  worm-wheel,  use  Rule  12: 
(2.5  ~  2)  —  (2  X  0.15915)  =  0.9317  inch. 

The  angle  of  face  may  be  arbitrarily  set  at,  say,  75  degrees,  in  this 
case.  The  "trimmed  diameter"  is  scaled  from  an  accurate  drawing, 
and  proves  to  be  7.75  inches. 

To  find  the  distance  between  centers  of  the  worm  and  wheel,  use 
Rule  15:      (2.1817  +  7.1620)  -7-2  =  4.6718  inches. 

To  find  the  minimum  length  of  threaded  portion  of  the  worm,  use 
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Rule  17:     7.4803  —  4  X  0.15916  =  6.8437 

V  7.4803*  —  6.8437"=  3  inches,  approximately. 
It  will  be  noted  that  the  ends  of  the  threads  in  Fig.  2  are  trimmed 
at  an  angle  instead  of  being  cut  square  down,  as  in  Fig.  1.  This  gives 
a  more  finished  look  to  the  worm.  It  is  easily  done  by  applying  the 
sides  of  the  thread  tool  to  the  blank  Just  before  threading,  or  it  may 
be  done  as  a  separate  operation  in  preparing  the  blank,  which  will  in 
either  case  have  the  appearance  shown  in  Fig.  4.  The  small  diameters 
at  either  end  of  the  blank  in  Fig.  4  should,  in  any  event,  be  turned 
exactly  to  the  bottom  diameter  shown  in  Fig.  2,  and  obtained  by 
Rule  8.    This  is  of  great  assistance  to  the  man  who  threads  the  worm. 


MtuMmtrg,M.r» 


Fiff.  4.    8h*p«  of  BlADlc  for  Worm. 

as  he  knows  that  the  threads  are  sized  properly  as  soon  as  he  has 
cut  down  to  this  diameter  with  the  end  of  his  thread  tool.  This 
always  supposes,  of  course,  that  the  thread  tool  is  accurately  made. 

Formulae  for  the  Design  of  Worm  Qearlng. 
For  the  convenience  of  those  who  prefer  to  have  their  rules  com- 
pressed into  formulas,  they  are  so  arranged  in  the  following.    The 
reference  letters  used  are  as  follows: 

N  =  number  of  teeth  in  worm-wheel. 

n=s  number  of  teeth  or  threads  in  worm. 

P'  =:  circular  pitch  of  wheel  and  linear  pitch  of  worm. 
I  =:  lead  of  worm. 

g  =  whole  depth  of  worm  tooth. 

r=:  width  of  the  tjiread  tool  at  the  end. 

a  =3  addendum  or  height  of  worm  tooth  above  pitch  line. 

o  =  outside  diameter  of  the  worm. 

d  =:  pitch  diameter  of  the  worm. 

h  =:  bottom  or  root  diameter  of  the  worm. 

p  =:  helix  angle  of  worm  and  gashing  angle  of  wheel. 

d  =  face«ngle  of  worm-wheel. 

D  =  pitch  diameter  of  the  worm-wheel. 

0  =  throat  diameter  of  the  worm-wheel. 

0'=:  diameter  of  the  worm-wheel  to  sharp  comers. 

U  =s  radius  of  curvature  of  the  worm-wheel  throat 
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R  =  velocity  ratio. 

C  =  distance  between  centers. 

X  =  threaded  length  of  worm. 

P'=zl-r-n. 
g  =  0.6866  P' 
r  =  0.31P'. 
«=  0.3183  P'. 
0  =  d  +  2s. 
d  =  0  —  2«. 
h  =zo  —  2g. 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 


WOELM 

DOUBLE.  R.H. 
LEADsBJ.DOO" 
UNEAR  PITCH^O.600  ^ 


WHEEL 

Na  OF  TEETH  as  49 

CIRCULAR  PITCH  a« 0.500^ 

ANGLE  OF  CUT«s8°20' 

WORM,   DOUBLE.  R.H. 

OUTSIDE  DIAM.  OF  WORM.v2.300'>' 


Stachincjy.^i 


Piff .  6.    Model  Drawing  of  Worm  mnA  Worm>wheel. 

Cotangent  /3  =  3.1416(i  -f-  Z.  (9) 

D  =2»»rP'H- 3.1416.  (10) 

0=I>  +  2«.  (11) 

J7=:%o  — 2s.  (12) 

0'=:2(17— l/cos  8/2)  +0.  (13) 

R=N-r-n.  (14) 

C  =  (D  +  d)  -T-2.  (15) 

d=2C  — D.  (16) 

Minimum  value  of  «=  V  0'— (0— ^4s)*.  (17) 
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HOBS  FOR   WORM-GEARS.  11 

A  model  drawing  of  a  worm-wheel  and  worm,  properly  dimensioned, 
is  shown  in  Fig.  5.  This  drawing  follows,  in  general,  the  model  draw- 
ings shown  by  Mr.  Burlingame  in  the  August,  1906,  issue  of  Machinebt, 
taken  from  the  drafting-room  practice  of  the  Brown  &  Sharpe  Mfg. 
Co.  In  cases  where  the  worm-wheel  is  to  be  gashed  on  the  milling 
machine  before  bobbing,  the  angle  at  which  the  cutter  is  set  should 
also  be  given.  This  is  the  same  as  the  angle  of  worm  tooth  found  by 
Rule  9.  In  cases  where  the  wheel  is  to4)e  bobbed  directly  from  the 
solid  by  a  positively  geared  bobbing  machine,  this  information  is  not 
needed.  It  might  be  added  that  it  is  impracticable  with  worm-wheels 
having  less  than  16  or  18  teeth  to  gash  the  wheel,  and  then  hob  it 
when  running  freely  on  centers,  if  the  throat  diameter  has  been  deter- 
mined by  Rule  11. 


CHAPTER    II. 

HOBS  FOR  WORM-GEARS. 

If  we  were  to  make  an  extended  collection  of  hobs  from  various 
sources,  we  would  find  a  great  variety  of  designs  and  proportions.  It 
is  generally  accepted  as  a  fact  that  the  hob  need  only  be  a  duplicate 
of  the  worm,  with  the  exception  that  it  should  be  slightly  larger  in 
diameter  in  order  to  give  a  clearance  at  the  root  of  the' gear  tooth. 
That  such,  hobs  are  used,  and  appear  to  give  good  results,  Is  their  only 
claim  to  existence.  "When  we  come  to  think  that  the  teeth  of  the 
gear  are  dependent  on  the  hob  for  their  shape,  and  that  the  smooth- 
running  qualities  depend  also  on  the  same  tool,  it  must  be  conceded 
that  a  little  thought  and  care  put  into  the  production  of  the  hob 
would  soon  repay  for  any  extra  trouble,  as  it  would  be  a  source  of 
longer  life  to  the  gear. 

If  a  worm  and  gear  of  standard  proportions  are  brought  into  mesh, 
we  have  at  the  bottom  of  both  the  thread  of  the  worm  and  teeth  of 
the  gear  a  clearance  equal  to  one-tenth  of  the  thickness  of  the  thread 
or  tooth  at  the  pitch  line.  The  clearance  at  the  root  of  the  gear  tooth 
is  obtained  by  enlarging  the  hob  over  the  diameter  of  the  worm,  by 
an  amount  equal  to  two  clearances,  while  the  clearance  of  the  tooth 
in  the  thread  bottom  is  taken  care  of  by  the  proper  sizing  of  the 
gear  blank. 

While  it  may  be  customary  practice  to  make  the  hob  an  exact  dupli- 
cate of  the  worm  except  in  the  one  item  of  outside  diameter,  a  hob 
proportioned  as  suggested  in  Fig.  7  is  recommended  as  one  that  will 
give  much  more  satisfactory  results,  and  be  found  to  be  well  worth  any 
additional  trouble  in  construction  required  beyond  that  for  the  style 
ordinarily  used.  The  peculiar  feature  of  this  hob  is  that  it  is  an 
exact  opposite  of  the  worm  with  respect  to  the  proportions  of  the 
thread  shape;  the  depth  below  the  pitch  line  in  one  case  being  equal 
to  the  height  above  the  pitch  line  in  the  other.    The  object  of  this 
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is  to  have  a  hob  that  will  form  the  complete  outline  of  the  tooth  and 
make  it  absolutely  certain  that  the  standard  proportions  of  tooth  and 
clearance  are  obtained.  Thus,  should  the  diameter  of  the  blank  be 
large,  the  hob  will  trim  ofC  the  top  of  the  gear  teeth  to  the  proper 
length,  when  the  proper  center  distance  is  maintained. 

There  is  another  point  that  is  generally  overlooked,  and  that  is  the 
necessity  for  having  the  comers  of  the  thread  rounded  over,  and  for 
providing  a  liberal  fillet  at  the  root  of  the  thread.  The  radii  of  the 
rounded  corner  and  the  fillet  may  be  as  large  as  the  clearance  will 
allow,  which  would  be  one-twentieth  of  the  circular  pitch  of  the  thread. 

The  effect  that  this  fillet  and  rounded  thread  have  on  the  shape  of 
the  tooth  is  something  that  greatly  increases  the  quality  of  the  gear 
and  the  strength'  of  each  individual  tooth.  The  rounded  comer  6n 
the  thread  points  does  away  with  any  tendency  to  scratch  the  surface 
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Flff.  O.    Dimensions  of  Worm. 

of  the  tooth  in  the  cutting  action,  and  leaves  a  much  larger  fillet  at 
the  root,  greatly  increasing  the  strength.  The  fillet  at  the  bottom  of 
the  thread  rounds  off  the  top  of  the  tooth  in  the  worm-gear,  removing 
any  burrs,  and  leaving  a  nicely  finished  product.  This  fillet  also 
removes  the  dangerous  tendency  of  the  hob  to  develop  cracks  in  the 
hardening  process — a  common  source  of  trouble  even  where  care  is 
taken.  Fig.  6  shows  the  proportions  of  the  worm  in  comparison  with 
the  hob  in  Fig.  7. 

In  forming  the  hob,  much  can  be  gained  by  making  a  special  form 
tool  of  correct  proportion  that  will  leave  no  chance  for  error;  the 
only  dimension  needing  care  then  is  the  diameter.  Such  a  tool  ia 
shown  in  Fig.  9.  The  figure  is  dimensioned  by  formulas,  so  that  a 
tool  for  any  pitch  can  be  easily  proportioned  from  it.  This  tool  may 
be  made  by  using  a  gear  caliper  without  resorting  to  the  protractor, 
or  the  protractor  may  be  used  in  laying  out  the  angle.  This  tool  may 
be  made  without  «ide  clearance,  providing  that  the  sides  incline  in 
the  same  direction  and  at  the  same  angle  that  the  thread  takes,  but 
under  ordinary  circumstances,  where  only  one  hob  is  to  be  made, 
little  is  gained  by  having  no  side  clearance.  Clearance  may  be  made 
from  5  to  10  degrees  from  the  angle  of  the  thread.  Grinding  a  tool 
like  this  of  course  Changes  its  form,  so  it  must  not  be  used  indefinitely 
in  making  large  numbers  of  similar  hobs. 
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Number  of  Flutes  in  Hobs. 
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The  number  of  flutes  that  should  be  provided  in  the  hob  is  a  point 
on  which  very  little  Is  said,  various  authorities  differing  widely. 
Where,  the  hob  is  to  be  used  in  an  automatic  bobbing  machine  In 
which  the  hob  and  blank  are  positively  geared  together,  the  number 
of  flutes  may  be  a  comparatively  small  number  as  compared  with  a 
hob  that  is  to  be  used  in  connection  with  ordinary  processes  of  bob- 
bing worm  gears.  In  the  process  in  which  the  previously  gashed 
worm-gear  blank  is  swung  loosely  on  centers  and  revolved  by  the  hob 
as  the  latter  rotates,  the  hob  should  have  a  larger  number  of  flutes. 

A  rule  that  checks  up  well  with  present  practice  is  as  follows: 

To  find  the  number  of  fiutes  in  a  fto6,  multiply  the  diameter  of  the 
hoh  by  three,  and  divide  by  twice  the  circular  pitch. 

The  above  rule  gives  suitable  results  on  hobs  for  general  purposes. 


"5^  ^ 


Fig.  7.    Dimensions  Of  Hob 


Flff.  8.    Date  for  Flnting  Hob. 


When  the  result  gives  an  odd  number  of  teeth,  take  the  next  smaller 
even  number,  to  facilitate  calipering. 

Some  authorities  on  worm-gearing  state  that  the  number  of  flutes 
in  a  hob  should  in  no  case  be  an  exact  multiple  of  the  number  of 
threads.  Their  reason  for  this  rule  is  that  the  hob  so  gashed  will 
produce  a  much  smoother  tooth  and  one  nearer  correct  in  shape, 
because  no  tooth  in  the  hob  passes  the  same  tooth  in  the  gear  twice 
in  succession,  so  that  any  little  imperfections  in  shape  of  the  indi- 
vidual hob  teeth  are  counteracted  by  one  another.  Another  authority 
is  strong  in  his  advice  not  to  have  the  circumferential  distance  from 
flute  to  flute  equal  to  or  equally  divisible  by  the  circular  pitch,  for 
the  same  reason  as  stated  regarding  the  former  rule.  From  these 
statements,  it  is  seen  that  to  obtain  a  rule  that  would  be  at  once 
simple  and  yet  take  all  conditions  into  consideration,  would  be  a 
difficult  proposition.  It  seems,  however,  that  only  the  first  of  these 
two  rules  is  a  logical  one.  Owing  to  the  fact  that  hobs  have  teeth 
only,  instead  of  full  surfaces  matching  the  worm,  the  curved  outlines 
of  the  wheel  teeth  are  merely  approximated  by  a  series  of  tangents. 
If  the  number  of  flutes  in  the  hob  is  a  multiple  of  the  number  of 
threads,  the  hob  teeth  will  "track"  after  each  other,  giving  wheel  teeth 
only  roughly  approximated  by  a  comparatively  small  number  of  long 
tangents. 
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The  cutter  used  in  gashing  the  hob  should  be  about  %  inch  thick 
at  the  periphery  for  hobs  of  ordinary  pitch,  while  for  those  of  coarser 
pitch  a  cutter  %  inch  thick  would  be  much  better.  The  width  of  the 
gash  at  the  periphery  of  the  hob  should  be  about  two-flfths  the  pitch 
of  the  flutes.  The  cutter  should  be  sunk  into  the  blank  so  that  it 
reaches  from  3/16  to  ^  inch  below  the  root  of  the  thread.  Fig.  8 
shows  an  end  view  of  a  hob  gashed  according  to  these  rules. 

Where  a  hob  is  to  be  used  to  any  great  extent,  and  is  subject  to 
much  wear,  it  would  be  advisable  to  increase  the  diameter  above  the 
dimensions  given  from  0.010  to  0.030  inch  according  to  its  diameter 


TFlg.Oi  Dimensions  of  Tool 
tor  Tbreadlnff  Hob. 


Flff.  lO.    The  Difference  In  Bbape  of  Teeth  Cut  by  New 
and  Old  Hobs. 


and  pitch,  to  allow  for  decrease  in  diameter  due  to  the  relief,  and 
caused  by  grinding  back  the  cutting  face  in  sharpening. 

Hobs  are  generally  fluted  i)arallel  with  the  axis,  but  it  is  obvious 
that  they  should  be  gashed  on  a  spiral  at  right  angles  with  the  thread 
helix  in  order  that  the  cutting  face  may  be  presented  with  theoretical 
correctness;  but  the  trouble  encountered  in  relieving  the  teeth  on  the 
ordinary  backing  off  attachment  is  the  cause  of  the  common  mode 
of  fluting.  When  the  pitch  or  lead  is  coarse  in  comparison  with  the 
pitch  diameter  of  the  hob,,  so  that  the  angle  is  correspondingly  steep, 
it  may  be  best  to  flute  on  the  normal  helix,  and  if  the  hob  cannot  be 
machine  relieved,  it  may  be  backed  off  by  hand. 

The  amount  of  relief  depends  much  on  the  use  for  which  the  hob  is 
intended.  A  hand  hob  for  bobbing  a  gear  In  position  may  be  made 
with  little  or  no  relief,  while  hobs  used  on  bobbing  machines  may  have 
much  more  relief  than*  those  used  on  the  milling  machine. 
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CHAPTER    III. 

SUQQBSTBD  REFINEMENT  IN  THE  HOBBING  OF 
WORM-WHEELS. 

At  the  left  of  Fig.  10  Is  a  sectional  view  showing  a  hob  in  the  act 
of  putting  the  last  finishing  touches  on  a  worm-wheel.  The  hob  is 
supposed  to  be  a  new  one  and  is  shown  in  the  condition  it  is  when 
first  received  from  the  makers.  At  the  right  of  Fig.  10  is  shown  the 
same  hob  putting  the  finishing  touches  on  a  worm-wheel  similar  to 
that  in  the  first  case.  The  hob  In  this  case  is  represented  as  having 
been  in  use  for  a  considerable  time,  and  having  been  ground 
down  to  the  last  extremity,  ready  to  be  discarded  for  a  new  one. 
A  study  of  this  cut  will  show  that  if  the  hob  is  made  in  the  first 
place  to  properly  match  the  worm  which  is  to  drive  the  wheel,  it 
will  not,  when  worn,  cut  exactly  the  proper  form  of  tooth  In  the  blank 
to  mesh  with  that  worm.  The  teeth  are  cut  to  the  same  depth  in 
each  case,  this  being  necessary  in  order  to  make  a  proper  fit  with 
the  worm,  which  is  the  same  in  each  case  and  it  set  at  the  same 
center  distance.  The  grinding  away  of  the  worn  hob  has  reduced  its 
diameter  by  an  amount  indicated  by  dimension  &.  Its  center  is  there- 
fore at  P  on  the  line  A  B,  which  is  offset  by  a  distance  represented  by 
dimension  a  from  the  line  CD  on  which  the  center  0  of  the  new  hob 
is  located.  This  reduction  in  diameter  as  the  hob  is  ground  away 
from  time  to  time,  so  evidently  follows  from  the  construction  of  the 
relieved  hob,  that  it  scarcely  needs  to  be  explained. 

It  Is  said  of  relieved  hobs  that  they  can  be  ground  without  changing 
their  shape.  This  is  true  so  far  as  the  outline  of  the  cutting  edge  is 
concerned,  but  It  will  be  evident  on  examining  the  conditions  shown 
at  the  right  hand  of  Fig.  10,  that  whatever  the  outline  of  the  cutting 
edges,  a  new  hob  of  radius  B  will  not  cut  exactly  the  same  shape 
teeth  in  the  blank  as  the  worn  hob  with  radius  r.  The  elements  of 
the  tooth  surface  it  generates  are  struck  from  a  center  P,  removed 
by  dimension  a  from  center  O'  which  is  the  location  of  the  axis  of 
the  worm  with  which  it  meshes. 

It  Is  possible,  and  perhaps  practicable,  to  overcome  this  slight  error; 
that  is,  to  so  design  and  use  the  hob  that  it  will  cut  as  correct  teeth 
when  worn  as  when  new.  In  Fig.  11,  dotted  line  A  A  represents  the 
outlines  of  a  new  hob  in  the  act  of  finishing  the  worm-wheel  shown. 
Were  a  hob,  ground  as  shown  at  the  right  of  Fig.  10,  to  be  substituted 
on  the  arbor  for  this  new  hob,  without  altering  the  adjustment  of  the 
machine  except  to  move  the  hob  endwise  and  bring  it  in  contact  with 
the  teeth  of  the  wheel  on  one  side,  this  hob  would  be  represented  in 
Fig.  11  by  the  full  line  B  B.  It  is  evident  that  the  left  hand  cutting 
edges  of  this  hob  coincide  (to  the  depth  they  extend  into  the  wheel) 
with  those  of  the  new  hob  represented  by  outline  A  A.  They  will, 
therefore,  so  far  as  they  extend,  cut  identically  similar  and  correct 
tooth  curves  with  the  new  hob. 
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Teeth  cut  with  this  worn  hob  would,  however,  evidently  have  two 
faults.  The  space  would  be  too  narrow  at  the  pitch  line  by  a  distance 
measured  by  dimension  m,  and  they  would  not  be  cut  deep  enough 
in  the  blanlc  by  a  distance  ineasured  by  dimension  n.  Our  problem 
is  to  so  alter  the  design  and  application  of  the  hob,  that,  even  when 
worn,  we  can  cut  the  teeth  deep  enough  and  the  space  wide  enough. 

Fig.  12  shows  these  conditions  fulfilled.  Dotted  line  0  0  shows  the 
outline  of  the  proposed  hob  when  new.  The  only  difference  between 
the  proposed  hob  and  the  regular  one,  whose  outlines  are  shown  by 
the  dotted  line  A  A  in  Fig.  11,  is  that  the^ teeth  have  been  lengthened 
by  an  amount  equal  to  dimeusion  o.  The  hob  is  fed  in  as  was  the 
case  with  the  new  hob  in  Fig.  11  until  the  distance  between  its  center 
line  and  that  of  the  blank  is  the  same  as  that  between  the  center  line 
of  the  worm  and  the  wheel  in  the  finished  machine.    The  increase  in 


Flff.ll.  Outdnff  Action  of  Ordinary 
Hob  at  Fixed  Center  Distanoe,  wben 
new  and  when  worn. 


Fiff .  12.  Cutting  Action  of  Pro- 
posed Hob,  when  new  and  when 
old. 


radius,  then,  by  an  amount  o,  makes  the  hob  cut  a  clearance  deeper 
than  is  necessary  by  that  amount.  In  a  spur  gear  this  would  doubtless 
be  a  bad  thing,  since  it  would  make  the  tooth  slenderer  and  therefore 
weaker.  A  worm  gear,  however,  if  designed  to  be  sufflcfently  durable 
for  continuous  use,  is  almost  certain  to  be  several  times  stronger  than 
necessary,  so  that  the  slight  weakening  involved  in  the  change  is  not 
of  great  importance.  When  the  hob  is  worn  to  the  shape  shown  by 
the  full  outline  DD,  the  hob  is  evidently  of  the  same  diameter  as 
the  new  one  in  Fig.  11,  represented  by  dotted  outline  A  A.  Our  tooth 
space,  however,  as  before  explained,  will  be  too  narrow  by  the  amount 
m  in  Fig.  11  or  p  in  Fig.  12.  To  widen  It  out  sufficiently,  it  is  there- 
fore necessary  for  us,  after  the  hob  has  been  fed  in  to  the  proper 
depth,  to  still  continue  the  cutting  action,  feeding  the  hob  endwise, 
however,  until  it  has  been  displaced  to  the  position  indicated  by  out- 
lines D'  D\  The  resulting  tooth  is  evidently  identical  with  that  given 
by  the  new  hob  A  A  in  Fig   11. 

It  will  be  understood  that  when  the  hob  in  Fig.  12  is  new,  it  will 
not  have  to  be  shifted  endwise  at  all,  since  it  will  cut  a  tooth  space 
of  the  proper  width  as  soon  as  fed  to  depth.  It  will,  however,  cut  a 
space  deeper  than  necessary  by  an  amount  o.  The  worn  hob,  on  the 
other  hand,  has  to  be  shifted  longitudinally  by  an  amount  p  and  cuts 
to  exactly  the  required  depth.  These  represent  the  two  extreme  con- 
ditions.   When  the  hob  is  half  worn,  the  excess  clearance  will  be  equal 
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to  half  of  0,  and  the  longitudinal  displacement  necessary  will  be  equal 
to  half  of  p. 

While  the  change  in  the  design  of  the  hob  could  be  made  easily 
enough,  there  is  doubtless  some  difficulty  in  making  the  required 
change  in  the  bobbing  of  the  blank.  Taking  it  for  granted  that  the 
hob  has  been  made  to  suit  the  worm  which  is  to  be  used,  and  that  it, 
therefore,  has  the  same  pitch  diameter  and  thickness  of  tooth  at  the 
pitch  line,  the  method  of  procedure  will  invariably  require  that  the 
hob  be  fed  in  to  the  worm-wheel  blank  until  the  distance  from  the 
center  of  the  hob  to  that  of  the  wheel,  is  the  same  as  the  distance 
from  the  center  of  the  worm  to  that  of  the  wheel  in  the  finished, 
machine.  This  will  be  true  whether  the  hob  is  new  or  worn,  and 
whatever  may  be  the  kind  of  machine  on  which  the  bobbing  is  done. 

The  method  by  which  the  hob  is  displaced  longitudinally  will 
depend  on  the  machine  used  for  the  operation.  There  will  be  no 
possible  way  of  doing  it  if  the  wheel  is  being  finished  while  running 
loosely  on  centers,  as  is  common  practice  when  the  blank  has  first 
been  gashed.  It  is  required  that  the  hob  and  blank  be  positively 
geared  together.  If  a  positively  driven  bobbing  attachment  in  the 
milling  machine  is  being  used,  the  matter  is  simple.  If  the  hob  is 
being  driven  by  the  spindle  of  the  machine,  throw  in  the  cross  feed 
in  either  direction  until  the  required  longitudinal  displacement  of  the 
wheel  with  relation  to  the  hob  has  taken  place.  The  question  as  to 
when  this  has  taken  place  may  be  decided  either  by  measuring  the 
thickness  of  the  tooth,  as  in  cutting  spur  gears,  or  by  trying  the 
wheel  from  time  to  time  with  its  worm,  the  two  parts  being  mounted 
in  place  in  the  machine  they  are  to  go  in,  or  held  the  proper  dis- 
tance apart  by  other  means. 

For  regular  bobbing  machines,  as  at  present  made,  the  matter  is 
more  difficult.  The  required  longitudinal  displacement  of  the  hob  may 
be  obtained,  in  eftect,  by  a  rotary  displacement  of  the  hob  which  may 
be  accomplished  by  slipping  (a  tooth  at  a  time),  the  teeth  of  tUe 
change  gears  connecting  the  hob  and  the  blank.  If  a  bobbing  machine 
were  to  be  built  especially  for  use  in  the  way  which  is  here  suggested, 
differential  gearing  could  be  introduced  in  the  train  between  the  hob 
and  the  wheel,  to  which  a  power  feed  could  be  given  to  effect  the 
rotary  displacement  when  the  hob  had  been  fed  to  depth,  or  a  power 
feed  might  be  applied  to  feed  the  spindle  and  its  attached  hob  end- 
wise to  effect  the  same  result. 

It  is  not  certain  that  the  error  which  exists  in  the  use  of  relieved 
hobs  is  of  enough  importance  to  warrant  taking  any  trouble  to  remedy 
it.  It  is  always  well,  however,  to  know  and  understand  such  errors 
as  may  exist  in  any  process  of  this  sort,  no  matter  if  they  are  of  no 
great  practical  importance.  While  some  designers  and  shop  men  have 
doubtless  recognized  the  existence  of  this  particular  error,  still  prob- 
ably most  of  them  take  it  for  granted  that  the  process  is  absolutely 
accurate,  since  they  are  so  often  reminded  that  the  relieved  hob  can 
be  "ground  without  change  of  shape." 
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CHAPTER   IV. 

THE  LOCATION  OP  THE  PITCH  CIRCLE  IN  WORM 

GEARING. 

Different  authorities  and  writers  on  mechanical  subjects  have  always 
held  very  different  opinions  regarding  the  location  of  the  pitch  circle 
of  a  worm  gear.  No  better  example  of  tlxese  differences  in  opinion 
can  be  given  than  by  repeating  a  discussion  in  relation  to  this  inter- 
esting subject  which  took  place  in  the  columns  of  Machineby,  during 
1905.  The  subject  was  brought  up  by  Mr.  Oscar  E.  Perrigo,  who,  in 
describing  the  feed  arrangement  of  a  heavy  turret  lathe,  into  the 
design  of  which  the  worm  and  worm-gear  entered,  found  occasion  to 
state  his  opinions  in  regard  to  the  construction  of  this  mechanism. 
Mr.  Perrigo  says: 

"Many  good  mechanics  are  so  prone  to  object  to  any  kind  of  a  worm- 
gear,  and  can  cite  numerous  examples  wherein  they  have  proven 
failures  and  utterly  worthless  for  the  purposes  intended,  that  there  is 
a  very  strong  prejudice  against  them  in  any  form.  The  writer  is  of 
the  opinion  that  there  is  really  only  one  practical  objection  to  a 
properly  constructed  worm-gear,  and  that  is,  it  must  be  constantly 
lubricated,  and  men  running  machines  in  which  they  are  used  are 
very  liable  to  forget  this  fact  altogether.  The  principal,  and  almost 
the  only  reason  why  worm-gears  fail  to  give  satisfactory  results  Is 
that  usually  they  are  not  properly  designed  at  first.  Another  is  that 
they  are  not  properly  hobbed  out,  and  sometimes  not  hobbed  at  all. 
It  is  the  purpose  of  this  article  to  point  out  how  they  should  be 
designed  in  order  that  they  may  be  successful. 

•There  are  various  methods  for  determining  the  diameter  of  the 
pitch  circle  of  a  worm-gear.  One  authority  takes  the  outside  diameter 
of  the  turned  blank  at  its  smallest  diameter,  or  throat,  as  proper. 
Another  takes  the  diameter  of  the  bottom  of  the  teeth  at  the  extreme 
edge  of  the  cut  gear.  Still  another,  the  point  where  the  pitch  line  of 
the  worm  intersects  the  center  line  passing  through  the  worm  and 
worm-gear.  All  of  these  are  more  or  less  in  error,  as  they  do  not 
take  proper  account  of  the  width  of  the  face  of  the  gear.  If  the  teeth 
are  straight,  as  in  a  spur  gear,  we  naturally  take  a  point  in  the  center 
of  the  teeth  (after  subtracting  the  clearance)  as  the  pitch  line.  Now 
when  we  have  a  curved  tooth  it  is  obviously  not  proper  to  do  this,  as 
the  actual  working  pitch  diameter  must  be  somewhat  larger  than  this. 
But  how  much  larger  should  evidently  be  determined  by  the  amount 
of  contact  with  the  worm,  that  is,  the  angle  within  which  this  contact 
is  to  be,  the  width  of  face  being  in  turn  controlled  by  the  diameter 
of  the  worm. 

"Practically,  the  face  of  the  worm  gear  is  about  equal  to  one-half 
the  outside  diameter  of  the  worm,  but  the  matter  is  best  considered 
by  saying  that  the  inclosed  angle  of  contact  should  not  be  less  than 
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45  degrees  nor  more  than  80  degrees,  while  from  60  degrees  to  70 
degrees  will  be  found  most  useful.  The  writer  has  found  by  ample 
practice  that  the  true  working  pitch  diameter  is  most  nearly  deter- 
mined by  the  method  shown  in  Pig.  13,  which  represents  a  worm- 
wheel  having  a  contact  of  70  degrees.  To  determine  the  pitch  diame- 
ter, divide  the  arc  of  the  pitch  line  of  the  worm,  contained  between 
the  center  line  and  one  of  the  lines  of  the  enclosing  angle,  into  three 
equal  parts,  and  draw  the  line,  a,  at  the  intersection  of  the  second 
line  from  the  center  line.  This  will  give  the  point  from  which  to 
measure  the  pitch  diameter.  If  this  is  laid  out  on  a  large  scale  and 
with  various  angles  of  contact;  the  difference  between  it  and  the 
usual  methods  will  be  more  clearly  shown  than  it  is  in  the  engraving." 
It  will  be  found  to  make  a  difference  of  several  teeth  in  a  worm  wheel 
of  a  fairly  large  number  of  teeth. 

As*  to  the  proof  of  the  correctness  of  this  method  of  designing  worm- 
gears,  Mr.  Perrigo  states  that  he  has  used  it  successfully  for  years. 


Piff.18.    Mathod  of  Determining  the  Pitch  DlaMeter  of  »  Worm-Gear. 

• 

The  turret  lathe,  previously  referred  to,  on  which  this  worm-gearing 
acted  as  a  drive  for  the  feed,  would  readily  bore  3-inch  holes  in 
50-point  carbon  steel  spindles.  In  several  cases  where  a  6^-inch  hole 
was  required,  it  was  first  bored  2  inches  and  then  a  boring  bar,  pro- 
vided with  two  double-end  cutters,  was  introduced,  enlarging  the  hole 
from  2  inches  to  5^^  inches  at  one  cut  and  taking  out  nearly  thirty 
pounds  of  chips  per  hour.  The  machine  had  been  in  use  for  over 
seven  years,  and  the  same  worms  and  worm-gears  were  on  it  that 
were  put  on  when  the  machine  was  first  built,  and  they  were  in  good 
condition  for  as  many  years  more  of  good  service.  The  working  faces 
did  not  seem  to  have  changed  their  original  form  during  the  entire 
time,  which,  Mr.  Perrigo  says,  may  be  taken  as  ample  evidence  that 
they  were  right  originally,  particularly  as  he  had  frequently  seen 
worm  gears  in  lathe  aprons,  designed  after  the  usual  methods,  entirely 
worn  out  with  six  or  eight  months'  service. 

Undoubtedly  prompted  by  Mr.  Perrigo's  statements  in  regard  to  the 
worm-gear,  Mr.  John  Edgar,  a  few  months  later,  added  to  the  discus- 
sion on  the  subject.  He  mentions  first  the  method  for  the  location 
of  the  pitch  circle  accepted  as  standard  practice.  According  to  this 
method  the  pitch  line  of  a  worm  is  located  on  a  circle  whose  radius  is 
smaller  than  that  of  the  worm  by  an  amount  equal  to  one-half  the 
working  depth  of  the  tooth.  Where  the  working  depth,  as  in  standard 
practice,  is  equal  to  0.6366  times  the  linear  pitch,  and  when  P*  is  the 
linear  pitch,  o  the  outside  diameter,  and  d   the  pitch  diameter  of  the 
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worm,  this  fact  may  be  expressed  by  the  following  formula: 

d  =  o-  0.6866    P'  (1) 

In  Fig.  14  we  have  a  section  through  a  worm  and  worm-gear.  The 
pitch  circle  for  the  worm,  according  to  standard  practice,  is  located 
as  shown  tangent  to  the  line  E,  which  is  the  pitch  line  of  the  worm- 
gear.  On  inspection  of  the  figure  it  is  seen  that  while  the  addendum 
of  the  worm  and  worm-gear  are  equal  at  the  center  line  A  A,  they  are 
not  at  any  other  point  along  the  pitch  line,  either  to  the  right  or  the 
left.    A  section  taken  through  the  gear  on  the  line  A  A  would  reveal 
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Fiff.  14. 


Plff.  16. 


teeth  similar  in  shape  to  those  of  a  spur  gear  of  the  same  pitch  and 
number  of  teeth.  But  how  does  this  shape  of  the  teeth  vary  as  we  shift 
this  line  either  side  of  the  central  position?  Let  us  show  this  by 
example,  taking  the  case  of  a  worm  having  a  single  thread  of  1-inch 
pitch.  By  taking  a  section  on  line  B  B  instead  of  the  center  line  A  A 
we  obtain  Fig.  16.  This  figure  shows  plainly  that  the  faces  of  the 
teeth  of  the  gear  are  considerably  longer  than  the  fianks.  It  is  easily 
seen  that  the  greater  the  angle  a  is,  the  greater  will  this  difference 
be,  and  vice  versa,  until  we  reach  the  central  position,  where  there  is 
no  difference.  Therefore  we  see  that  this  angle  a  plays  an  important 
part  in  the  design  of  a  successful  worm  gear. 

This  angle  is  not  the  only  cause  of  distortion  in  the  shape  of  the 
tooth.    With  a  little  thought  it  will  be  seen  that  the  angle  of  the  helix 
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also  is  a  cause  for  further  irregularity.  To  illustrate  this  we  will  take 
the  case  of  a  worm  having  the  same  pitch,  but  having  three  threads 
instead  of  one,  giving  a  lead  ^f  3  inches.  A  section  of  this  at  B  B  is 
shown  in  Fig.  17.  These  conditions  have  the  effect  of  pfbducing  even 
longer  faces  than  do  those  in  the  former  case. 

What  can  be  done  to -remedy  this  defect?    We  can  shorten  the  faces, 
but  when  we  do  that  at  this  point  we  do  so  all  along  the  face  of  the 


Fiff  16.    Section  at  Line  B  B,  Fig.  14,  EUngla  Thread  Worm,  One-inoh  Lead. 

gear  and  thus  change  the  shape  at  A  A,  where  it  is  normal.  There- 
fore, the  best  we  can  do  is  to  divide  the  difference  at  the  two  extreme 
points— A  A  and  B  B.  This  can  be  done  as  follows:  In  an  ordinary 
spur  gear  of  standard  proportions  the  pitch  line  is  located  at  a  point 
midway  of  the  working  depth.  From  Fig.  15,  which  shows  the  end 
view  of  a  worm,  we  see  that  the  total  working  depth  is  equal  to  W,  so 
that  from  the  foregoing  statement  the  pitch  line  should  pass  through 
a  point  situated  at  a  distance  equal  to  one-half  of  W  from  the  outside 
of  the  worm,  making  d  the  pitch  diameter  of  the  worm. 


Fig.  17.    Section  at  Line  B  B,  Fig. 14,  Triple  Thread  Worm. Three-Inch  Lead. 

By  an  inspection  of  Fig.  15  we  may  derive  the  following  formula: 


d  = h  cos 


-I 0.6866  P'  I 

)btain  the  value  of 

If 0.6866  P'  I 

2V2  / 


W  = cos  -|  -  -  0.6866  P'  I  (2) 

Since  d  =  o  —  W,  we  may  obtain  the  value  of  d  in  terms  of  0,  P' 
and  a: 


(8) 
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Solving  this  last  equation  for  o,  we  have  the  means  for  finding  the 
outside  diameter  when  d ,  P*  and  a  are  given: 


2  d  +  1.273  P'  cos  — 
2 


(4) 


l  +  cos  — 
2 

Formulas  (3)  and  (4)  may  be  used  for  obtaining  the  pitch  diameter 
of  any  worm  when  the  outside  diameter  is  known,  and  vice  versa. 

It  is  quite  evident,  says  Mr.  ESgar,  that  the  method  given  by  Mr.  Per- 
rigo  for  obtaining  the  pitch  diameter  of  the  gear  is  based  on  this 
principle,  but  it  is  only  an  approximation,  the  variance  between  its 
results  and  those  of  the  formula  increasing  with  the  angle  a.  The 
difference  for  the  example  we  have  been  investigating  will  be  seen  in 
Fig.  14  where  G  is  the  line  as  located  by  his  method,  F  that  by  the 
formula;  and  E  the  standard  location. 
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Fig.  18.    Section  at  Line  B  B,  Flff.  14.  Pitch  Una  Determined  by  Formula  (8). 

To  show  the  difference  this  change  in  location  of  the  pitch  line 
makes  in  the  tooth  shape  as  compared  with  the  usual  practice,  sections 
have  been  drawn  at  BB  for  both  a  single  and  a  triple  threaded  worm 
of  1-inch  pitch.  Figs.  18  and  19,  respectively,  show  these  sections. 
Here  we  see  that  while  the  faces  are  yet  considerably  longer  than  the 
flanks  the  shape  is  improved.  The  difference  between  Fig.  18  and  a 
normal  section  is  very  slight  and  hardly  noticeable,  and  while  the 
shape  in  Fig.  19  is  somewhat  freakish,  it  has  all  the  properties  of  a 
smoothly  running  gear. 

But  someone  may  ask  what  all  this  has  to  do  with  the  durability 
of  the  gear.  It  is  this:  It  has  been  proved  that  the  friction  of 
approach  is  much  more  in  amount  than  that  of  the  release.  This 
frictiop  of  approach  occurs  between  the  face  of  the  driven  gear  and 
the  flank  of  the  driver.  Now  if  these  particular  elements  of  the  tooth 
are  extra  long,  the  friction  is  proportionately  increased  over  what  It 
would  be  in  a  normal  tooth.  The  friction  of  motion  is  always  accom- 
panied by  wearing  of  the  surfaces  in  contact;  therefore  in  order  to 
increase  the  life  of  the  gear,  we  must  decrease  the  friction  to  a  mini- 
mum. This  we  have  done  by  locating  the  pitch  line  In  accordance 
with  the  formula. 
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In  order  to  illustrate  the  extent  to  which  some  designers  go  to 
eliminate  the  friction  between  the  surfaces  of  the  teeth  in  contact, 
the  case  of  some  special  forms  of  clock  gearing  may  be  cited  where 
the  driver  is  made  with  teeth  having  no  flanks  and  the  driven  gear 
with  teeth  having  no  faces,  fixing  all  the  contact  at  the  period  of 
release.  The  importance  of  this  point  is  easily  ascertained  by  observ- 
ing the  wear  on  the  teeth  of  a  pair  of  gears  that  run  constantly  in 
one  direction. 

The  tooth  curves  in  the  above  figures  were  obtained  by  the  tracing 
cloth  method  described  in  Unwin's  Machine  Design.  The  subject  in 
hand,  however,  does  not  require  or  warrant  the  description  of  this 
method  here. 

Finally,  Mr.  Ralph  E.  Flanders  added  to  the  discussion  by  a  more 
fundamental  study  into  the  principles  involved  than  had  been  under- 
taken by  any  of  the  previous  writers.  His  analyzation  of  the  subject 
clears  some  of  the  doubtful  points  at  issue.     In  order  to  give  a  com- 


Wig,  10.    SeoUon  at  Line  B  B,  Fig.  14,  Pitch  Line  Determined  by  Formula  (8). 

prehensive  idea  of  his  statements,  his  treatment  of  the  question  has 
been  given  verbatim  in  the  following: 

On  the  Location  of  the  Pitch  Circle  in  Worm  Qeckrinff. 

Mr.  Perrigo  and  Mr.  Edgar,  in  their  recent  contributions  on  this 
subject,  have  called  attention  to  some  important  points  in  connection 
with  this  form  of  gearing.  The  writer  feels,  however,  that  the  recom- 
mendations they  make  cannot  be  followed  blindly,  but  must  be  applied 
with  a  full  knowledge  of  the  limitations  within  which  these  recom- 
mendations are  useful.  It  is  the  purpose  of  the  present  article  to 
point  out  these  limitations. 

Mr.  Perrigo  describes  a  worm  and  worm  wheel  which  he  has  incor- 
porated in  the  feed  mechanism  of  a  screw  machine.  Made  in  the  way 
he  describes,  this  worm  and  wheel  have  outlasted  everything  of  their 
kind  in  his  previous  experience,  and  if  the  cases  with  which  he  men- 
tally compares  this  one  have  no  other  important  points  of  difference, 
his  confidence  is  certainly  Justified.  Unfortunately,  this  point  is  not 
covered,  and  so  we  are  left  without  a  solid  foundation  on  which  to 
base  our  Judgment. 

The  feed  worm  of  a  screw  machine,  if  it  is  of  the  class  in  which 
the  worm  is  dropped  out  of  engagement  when  the  feed  is  released, 
does  its  work  under  peculiarly  trying  circumstances.  The  writer's 
experience  in  screw  machine  design  has  led  him  to  believe  that  the 
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proper  proportioning  of  these  parts  is  a  matter  of  considerable  impor- 
tance. Consider  the  case  of  a  bronze  wheel  and  a  hardened  steel  worm 
working  under  the  pressure  of  a  heavy  cut:  When  the  worm  is 
released  from  engagement  with  the  wheel,  under  the  pressure  of  this 
heavy  cut,  the  sharp,  hardened  corner  of  the  worm-tooth  goes  sliding 
down  the  face  of  its  corresponding  tooth  in  the  wheel,  giving  it  a  last 
dig  as  it  jumps  by  the  corner.  The  necessity  for  quick  handling 
demands  that  the  momentum  of  the  revolving  parts  of  the  feed 
mechanism  be  kept  as  low  as  possible,  so  the  peripheral  speed  of  the 
worm  wheel  must  be  as  low  as  possible  in  comparison  with  the  rate  of 
movement  of  the  slide.  This,  in  turn,  requires  the  worm  to  work 
under  heavy  pressure.  It  is  not  practicable  to  locate  the  feed  release 
between  the  worm  and  the  clutch,  especially  if  the  feed  is  to  be 
stopped  automatically,  because  it  is  difficult  to  handle  a  toothed  clutch 
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Flff.  20. 

under  a  severe  torsional  strain.  Usually  this  problem  is  settled  by  a 
compromise  whose  success  depends  on  the  judgment  of  the  designer; 
the  peripheral  speed  of  the  worm  wheel  is  made  as  high,  and  conse- 
quently, the  worm  thrust  is  made  as  low  as  is  possible  without  too 
great  a  sacrifice  in  rapidity  of  handling.  In  large  machines  this 
difficulty  may  be  overcome  by  connecting  the  pinion  shaft  to  the 
worm-wheel  by  frictlonal  contact,  accomplished  by  tightening  up  a 
supplementary  pilot  mounted  in  front  of  the  main  pilot  wheel;  the 
automatic  release  is  effected  by  stopping  the  rotation  of  the  worm. 

Another  point  that  militates  against  the  durability  of  this  mechan- 
ism when  a  releasing  worm  is  used,  is  the  indeterminate  location  of 
the  worm.  While  it  is  obvious  that  a.  worm  cannot  be  adjusted  in  a 
direction  parallel  to  the  axis  of  the  worm-wheel,  it  is  not  generally 
realized  that  the  center  distance  between  its  axis  and  that  of  the 
wheel  cannot  be  varied  without  losing  the  perfect  action  which  exists 
when  the  worm  is  properly  located.  That  this  is  so  will  be  evident 
from  Fig.  20.     In  this  cut  T,  and  T  are  sections  of  a  worm  tooth 
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taken  on  lines  1-1  and  2-2,  respectively.  The  section  on  1-1  is  evi- 
dently that  of  an  involute  rack  tooth  and  so  possesses  the  character- 
istic property  of  correct  action  at  any  center  distance,  so  long  as  its 
straight  face  is  in  contact  with  the  mating  gear  tooth.  As  we  leave 
this  section,  however,  and  approach  section  2-2,  the  tooth  outline 
gradually  loses  its  resemblance  to  the  involute  form  and  takes  a 
shape  in  which  positive  location  is  absolutely  necessary  for  correct 
action,  as  is  shown  by  the  curved  sides.  This  variation  from  the 
involute  shape  is  especially  marked  in  worms  of  large  helix  angle 
and  consequent  high  efficiency. 

Now,  if  the  worm  is  slightly  separated  from  its  correct  location  in 
the  mating  wheel  and  no  sideways  motion  is  allowed,  it  will  be  seen 
by  observing  the  relative  angularity  of  the  outlines  of  the  faces  in 
the  curves  T  and  T^  that  the  contact  will  at  once  lose  its  character 
of  line  contact,  extending  across  the  full  width  of  the  gear,  and  will 


Driver -V  \ 

Fltf    21. 

be  concentrated  in  point  contact  on  the  extreme  outer  edge,  where 
correct  action  is  impossible  except  at  the  calculated  center  distance. 
For  working  under  heavy  pressure,  then,  it  is  necessary  that  the 
worm  agrees  in  shape  with  the  hob  which  cut  its  mate,  and  that  its 
axis  exactly  coincides  with  that  of  the  hob  when  it  was  taking  its 
finishing  cut.  These  requirements  may  be  'met  easily  in  high-grade 
work,  such  as  is  the  rule  in  making  a  worm-gear  drive  for  a  gear- 
cutter  spindle  or  an  elevator,  but  such  workmanship  is  very  far  from 
the  haphazard  fitting  that  a  releasing  feed  worm  must  necessarily  get. 
It  has  occurred  to  the  writer  that  the  worm,  or  worms,  in  Mr. 
Perrigo's  turret  lathe,  must  be  of  considerably  greater  helix  angle 
than  is  usual  in  feed  gearing.  The  unusual  arrangement  of  a  double 
reduction  is  employed,  making  use  of  two  sets  of  worms  and  wheels 
in  series.  Unless  the  feed  shaft  rotates  at  high  speed,  or  the  feed  is 
exceedingly  fine,  this  must  mean  that  the  reduction  in  each  set  of 
gears  is  small,  which  in  turn  predicates  a  large  helix  angle  and  an 
efficient  gear.  Mr.  Perrigo  must,  then,  give  us  more  definite  informa- 
tion if  his  experience  is  to  be  valuable  as  a  permanent  record  in  the 
matter  of  the  location  of  the  pitch  line.    Was  his  machine  furnished 
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with  a  releasing  worm  for  a  feed  stop,  and  were  the  machines  with 
which  he  compares  it  so  equipped?  How  carefully  was  the  worm 
fitted  in  the  last  machine  and  in  the  former  machines?  What  are 
the  helix  angles  of  these  worms  and  former  unsuccessful  cases?  What 
materials  were  used  in  the  different  sets  of  gears  which  are  under 
comparison? 

Mr.  Edgar  has  shown  quite  plainly  that  the  advantage  to  he  gained 
by  lessening  the  diameter  of  the  pitch  circle  on  the  worm  is  due  to 
the  fact  that  in  such  a  case  the  contact  between  worm  and  wheel 
takes  place  for  the  most  part  after  the  teeth  have  begun  to.  re<;ede 
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from  each  other.  In  Fig.  22  the  worm,  with  its  pitch  line  at  G  H,  driv- 
ing the  wheel  in  the  direction  shown,  will  always  make  contact  with  it 
along  the  Hue  of  action,  CD.  The  pitch  line  is  located,  as  usual, 
half-way  down  the  working  depth  of  the  tooth,  and  as  may  be  seen, 
the  contact  is  almost  equally  divided  on  each  side  of  the  center  line. 
In  Fig.  23,  with  the  same  reference  letters,  the  pitch  line  has  been 
located  according  to  the  rule  proposed  by  Mr.  Edgar,  and  the  contact 
between  the .  teeth  is  seen  to  take  place  almost  wholly  during  the 
time  when  they  are  leaving  each  other. 

Friction   between-  two  rubbing  surfaces   is   due  to   the   resistance 
imposed  by  the  microscopic  irregularities  which  exist  on   even  the 
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smoothest  surfaces.  In  Fig.  21  are  shown  two  teeth  approaching  each 
other,  in  which  these  irregularities  are  greatly  exaggerated.  R  is  the 
driving  and  O  is  the  driven  tooth.  Evidently  if  these  irregularities 
were  as  great  as  shown,  the  teeth  would  lock  together  and  movement 
would  be  impossible;  on  the  other  hand,  if  Q  were  the  driving  tooth, 
and  the  teeth  were  separating,  there  would  be  little  to  hinder  their 
free  movement^  It  is,  then,  desirable  that  most  of  the  contact  should 
take  place  when  the  teeth  are  leaving  each  other,  to  avoid  friction, 
loss  of  power,  and  wear  of  tooth  surfaces. 

Fig.  20  shows  the  way  in  which  Mr.  Edgar  proposes  to  locate  the 
pitch  circle  of  the  worm.  This  circle  is  tangent  to  a  line  which  lies 
at  equal  vertical  distances  from  the  extreme  working  points  of  the 
worm  wheel'  tooth,  and  he  locates  the  pitch  line  here  because  it  is  so 
located  in  a  spur  gear.  To  the  writer  it  seems  that  there  is  no  an- 
alogy between  them.  The  pitch  line  of  a  spur  gear  is  located  at  one- 
half  the  working  depth  of  the  tooth  because  it  is  required  that  a  set 
of  standard  spur  gears  be  Interchangeable,  a  gear  of  any  number  of 
teeth  meshing  perfectly  with  a  gear  of  any  other  number  of  the  same 
pitch.  This  requirement  is  entirely  outside  of  the  sphere  of  worm 
gearing,  so  we  may  locate  the  pitch  line  at  any  point  that  will  give 
favorable  results  as  regards  efllciency  and  durability. 

The  location  of  the  pitch  line  affects  the  working  qualities  of  the 
gearing  in  four  ways,  at  least.  With  a  worm  of  given  diameter  and 
pitch,  and  a  wheel  of  given  number  of  teeth  and  angle  of  contact,  it 
determines  the  effective  working  area  of  the  teeth  in  both  members, 
the  strength  of  the  teeth  in  the  wheel,  the  number  of  teeth  in  contact, 
and  the  nature  of  the  contact,  that  is,  whether  it  takes  place  during  the 
approach  or  the  release. 

Fig.  22  shows  a  central  section  of  a  worm  and  wheel  calculated  in  the 
usual  manner.  If  a  is  equal  to  the  pressure  angle  and  angle  FZ>  0  is 
a  right  angle,  a  circle  drawn  from  center  O  through  D  will  be  the  base 
circle  from  which  the  involute  curve  is  formed,- and  the  line  of  action 
— the  line  in  which  the  working  contact  between  the  teeth  will  take 
place— will  lie  in  line  A  B.  This  line  of  action  will  evidently  be  lim- 
ited tft  one  end  by  C,  the  point  where  it  crosses  the  outside  diameter 
of  the  wheel  at  its  throat,  and  at  the  other  by  D,  the  point  where  line 
AB  is  tangent  to  the  base  circle,  since  the  involute  does  not  extend 
inside  of  the  circle  from  which  it  is  derived.  It  is  plain,  then,  that 
all  that  part  of  the  wheel  tooth  which  lies  inside  of  the  base  circle  is 
clearance,  and  unfit  for  bearing  surface,  and  that  all  of  the  worm  tooth 
which  extends  above  point  D,  or  the  "interference  line,"  as  it  is 
marked,  serves  no  useful  purpose.  This  area  of  the  worm  tooth  ex- 
tending above  the  interference  line,  is  seen  to  be  slight  for  a  thirty- 
tooth  wheel  of  standard  design.  An  inspection  of  the  cut  will  show 
that  there  are  always  two  and  sometimes  three  teeth  in  contact.  The 
contact  takes  place  about  equally  each  side  of  the  center  line,  inclining 
toward  the  favorable  side,  since  line  FD,  on  the  release,  is  somewhat 
longer  than  C  F,  on  the  approach. 
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In  Fig.  23,  we  may  see  what  effect  has  been  produced  by  Increasing 
the  addendum  of  the  worm,  as  we  are  advised  to  do.  In  the  first  place, 
the  interference  line,  through  point  D,  is  lowered  so  far  that  the  use- 
ful area  of  the  teeth  has  been  greatly  decreased.  There  Is  no  work- 
ing contact  on  the  wheel  teeth  inside  of  the  base  circle,  nor  do  the 
worm  teeth  serve  any  useful  purpose  above  the  interference  line. 

The  strength  of  the  wheel  tooth  has  been  decreased.  The  great 
length  of  useless  worm  tooth  extending  above  the  interference  line 
has  cut  a  deeper  clearance  into  the  flank  of  the  wheel  tooth,  thus  weak- 
ening it  at  the  very  point  where  it  needs  strength.  On  pages  68,  69, 
and  71,  of  the  Brown  &  Sharpe  "Treatise  on  Grears,"  will  be  found  three 
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illustrations  which  show  this  point  very  clearly.  One  case  is  that  of 
a  twelve-tooth  worm  wheel  of  standard  design,  which  gives  a  badly 
undercut  flank.  In  the  next  illustration  the  worm  wheel  has  been 
hobbed  according  to  Mr.  Edgar's  rule,  and  the  result  is  worse  than  in 
the  flrst  case.  The  last  illustration  shows  the  pitch  line  thrown  clear 
to  the  outside  diameter  of  the  worm,  this  being  advised  as  the  proper 
remedy  to  secure  a  tooth  of  sufficient  strength  and  bearing  surface. 

Referring  again  to  Fig.  23,  the  number  of  teeth  in  contact  has  been 
reduced  until  there  is  only  one  constantly  in  use,  though  two  are  in 
position  to  work  most  of  the  time.    The  single  gain  to  be  derived  in 
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return  for  the  advantages  that  have  been  lost  lies  in  the  fact  that  a 
greater  percentage  of  the  line  of  action  lies  on  the  releasing  side  of 
pitch  point  F  than  before,  since  F  D  is  noticeably  longer  than  F  C, 

Of  coarse  only  the  action  on  the  center  line  has  been  analyzed.  The 
writer  has  studied  the  action  at  sections  made  in  different  places  in 
the  worm-wheel  face,  and  it  looks  as  though  the  conditions  at  the 
center  line  were  a  fairly  good  index  of  what  is  going  on  nearer  the 
sides.  The  line  of  contact  appears  to  rise  slightly  toward  the  outside 
of  the  worm  as  it  leaves  the  center  (going  toward  the  leading  side  of 
the  worm),  and  then  drops  again  toward  the  edge  of  the  wheel.  On 
the  retreating  side  of  the  worm  the  contact  drops  continuously.  This 
tends  to  minimize  the  effect  that  the  width  of  the  wheel  has  on  the 
action. 

How,  then,  should  the  pitch  line  be  located?  It  seems  to  the  writer 
that  the  problem  is  so  involved  that  in  a  case  of  any  importance  the 
designer  should  not  trust  to  any  empirical  rule,  but  should  plan  each 
case  with  reference  to  these  four  points:  area  of  bearing  surface  in  the 
teeth,  strength  of  the  teeth,  number  of  teeth  in  contact,  and  location 
of  contact,  whether  in  the  approach  or  the  release.  To  these  should  be 
added  a  fifth  point,  more  important  than  any  of  the  others,  as  far  as 
efficiency  is  concerned,  and  that  is  in  relation  to  the  helix  angle  of 
the  worm:  it  should  be  as  large  as  possible. 

Taking  all  these  points  into  consideration,  it  would  seem  that,  for 
worms  and  wheels  made  as  they  usually  are  for  ordinary  service,  from 
ordinary  materials,  and  with  ordinary  carefulness  of  workmanship  in 
making  and  fitting,  it  is  hardly  worth  while  to  bother  about  changing 
the  location  of  the  pitch  line  for  the  sake  of  having  the  contact  on 
the  release.  '  It  introduces  too  many  other  complications  into  the 
problem.  Still,  if  there  is  any  one  who  wants  to  try  the  effect  of  al- 
tering the  worm  and  wheel  dimensions  with  this  end  in  view,  here  are 
a  few  suggestions  in  the  shape  of  formulas  to  add  to  those  of  the  two 
contributors  who  have  previously  written  on  this  subject 

Let  A' =  number  of  teeth  in  wheel. 
P'  =  linear  pitch  of  worm. 

0  =  throat  diameter  of  wheel. 

0  =  outside  diameter  of  worm. 
2)  =  pitch  diameter  of  wheel. 

(1  =  pitch  diameter  of  worm. 

a  =  pressure  angle. 

D  +d 

(7  = =  center  distance  between  the  worm  and  the  wheel. 

2  . 

£f' =:  Effective  height  of  worm  tooth  above  pitch  line  (see  Fig.  23). 
An  inspection  of  Fig.  23  will  show  that  B'  may  be  expressed  as  follows: 

Dsin*a 

B'=: 

2 

If  we  limit  the  height  of  our  tooth  to  this  line,  thus  allowing  no  in« 


Digitized  by  LjOOQ IC 


30  WORM  GEARING. 

terference,  we  may  use  the  following  formulas,  it  being  considered  that 
we  have  given  C,  P'  and  N. 
UP' 
D  = •  (1) 

d=2C^D  (2) 

o=d  +  Dsin'a  (3) 

Oz=D-{- 1.273  P'^D  sin'  a  (4) 

For  a  pressure  angle  of  14  ^>  degrees  and  an  allowed  interference 
equal  to  that  of  a  standard  worm  in  mesh  with  a  25-tooth  wheel,  these 
last  two  formulas  will  become: 

D 
o=d  +  —  (5) 

13 
O  =  0.9231)  + 1.273  P'  (6) 

These  formulas  will  give  as  much  of  the  contact  on  the  release  as 
is  possible  without  too  much  undercutting;  the  location  of  the  pitch 
line  will,  of  course,  vary  widely.  Formulas  3  and  4  (when  a  =  14^ 
degrees)  are  good  for  any  number  up  to  64  teeth,  and  formulas  5  and  6 
up  to  52  teeth.  Above  these  numbers  the  formulas  would  bring  the 
pitch  line  below  the  root  diameter  of  the  worm,  which  is  needless;  so 
for  such  cases,  formulas  3,  4,  5,  and  6  should  be  replaced  by  the  fol- 
lowing, which  will  keep  the  pitch  line  within  the  working  area  of  the 
tooth. 

o=(i  + 1.273  P'  (7) 

0=iD  (8) 

All  that  has  been  said  in  the  preceding  paragraphs  refers  only  to 
worms  whose  tooth  outlines  show  straight  sides  on  an  axial  section. 
If,  as  is  often  the  case  with  steep-pitched  worms,  the  cutting  tool  is 
made  with  straight  sides,  but  tipped  up  at  an  angle  to  agree  with  the 
helical  angle  of  the  worm,  an  axial  section  will  show  teeth  with  curved 
sides  whose  shape  will  depend  upon  the  helical  angle.  In  such  a  case 
as  this  it  is  impossible  to  apply  any  of  the  rules  which  govern  the 
action  of  involute  teeth,  and  the  only  way  to  go  about  the  matter  of 
locating  the  pitch  line  to  suit  the  ideas  of  the  designer  is  to  make  a 
careful  analysis  of  the  tooth  action  on  various  sections.  This  operation 
would  be  so  troublesome  and  tiresome  as  to  be  impracticable  under 
any  ordinary  circumstances, 
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THE  DESIGN  OF  SELF-LOCKING  WORM-GEABS. 

The  old  opinion  that  the  friction  and  wear  of  worm-gears  are  neces- 
sarily very  great,  and  that  the  efficiency  is  necessarily  very  low,  mak- 
ing worm  gearing  an  unmechanical  contrivance,  ia  not  as  frequently 
met  with  now  as  formerly.  In  Unwin's  Machine  Design  it  is  stated 
that  in  well  flitted  worm  gearing,  of  speed  ratios  not  exceeding  60  or 
80  to  1,  motion  will  be  transmitted  backwards  from  the  wheel  to  the 
worm.  In  Prof.  Forrest  R.  Jones*  work  on  machine  design  may  be 
found  tabulated  the  results  of  many  examples  from  practice,  some  of 
which  show  an  efficiency  as  high  as  74  per  cent  before  abrasion  began, 
the  most  notable  example  being  that  of  a  worm  running  at  a  surface 
speed  of  306  feet  per  minute  under  a  load  of  5,558  pounds,  and  showing 
an  efficiency  of  67  per  cent,  with  no  abrasion.  The  tables  in  Prof. 
Jones'  work  show  that  under  light  loads  very  high  surface  or  rubbing 
speeds  are  allowable,  running  as  high  as  800  feet  per  minute.  It  has 
also  been  pointed' out  that  an  increase  in  the  thread  angle  in  general 
increases  the  efficiency. 

There  is,  however,  an  important  function  of  worm  gearing  which 
is  not,  as  a  rule,  brought  out  adequately  by  writers  on  worm  gearing, 
and  which  in  certain  classes  of  machinery  is  of  the  first  importance; 
often,  indeed,  becoming  the  determining  factor  in  deciding  upon  the 
choice  of  a  worm-gear  as  the  power  transmitter.  It  is  the  property  a 
worm-gear  possesses,  under  certain  conditions  as  to  its  design,  of  being 
self-locking,  and  preventing  motion  backwards. 

An  instance  where  this  property  becomes  of  prime  importanoe  and 
accounts  for  the  use  of  the  worm-gear,  is' in  crane  work,  where  the 
winding  drum  is  driven  by  a  worm-gear  so  designed  that,  when  the 
power  is  shut  off,  the  gear  will  not  run  down  or  backwards  under  the 
impulse  of  the  load,  but  will  be  self-locking,  holding  the  load  at  any 
point. 

Fig.  24  shows  a  single  thread  worm  in  mesh  with  the  worm-wheel, 
a  being  the  angle  of  the  worm  thread  with  the  axis  of  the  worm-wheel, 
and  in  order  that  the  system  may  be  self-locking,  that  is,  that  the 
worm-wheel  may  be  unable  to  run  the  worm,  the  tangent  of  the  angle 
a  must  l^  less  than  the  coefficient  of  friction  between  the  teeth  of  the 
worm  and  wheel,  or  as 

P  P 

tana  = ,  so </  (1) 

rd        xd 
in  which  p  =  the  pitch;  d  =  the  pitch  diameter  of  the  worm;  and 
^  =  the  coefficient  of  friction  between  the  worm  and  wheel.    It  is  neces- 
sary to  assume  a  value  for  A  which,  if  the  condition  of  determining 
the  use  of  the  worm-gear  is  its  self-locking  property,  should  be  assumed 
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conservatively  low.  Unwin  states  under  the  authority  of  Prof.  Briggs, 
that  a  well-fitted  worm-gear  will  exhibit  a  lower  coefficient  of  friction 
than  any  other  description  of  running  machinery.  Prof.  Jones  gives 
a  series  of  values  for  the  coefficient  of  friction  of  screw  gears,  one  of 
which  is  a  pinion  of  4  inches  pitch  diameter,  the  average  value  being 
^  =  0.05,  corresponding  to  a  rubbing  velocity  of  250  feet  per  minute. 
Mr.  Halsey  assumes  /=:0.05,  and  Mr.  Wilfred  Lewis  says  that  when 
the  worm-gear  is  worked  up  to  the  limit  of  its  safe  strength,  a  rub- 
bing velocity  greater  than  200  to  300  feet  per  minute  will  prove  bad 
practice.  It  is  in  heavy  machinery  where  worm-gears  are  mostly  used 
as  self -locking  transmission  elements,  and  here  they  are  usually  worked 
up  to  the  safe  strength  of  the  wheel,  hence  it  is  fair  to  assume  ^  =  0.05 
when  designing  a  self-locking  worm-gear,  and  to  limit  the  rubbing 


Fiff.  24. 

velocity  to  200  feet  per  minute,  and  we  have  for  the  limiting  value  of 
p  at  Which  the  system'  will  be  self-locking: 

p  =  0.05  ir(i  =  0.157  d  (2) 

The  sliding  velocity  in  feet  per  minute  at  the  pitch  line  is  expressed  by 

vdn 

V  = =  0.262  dn  (3) 

12 
where  d=iihe  pitch  diameter  of  the  worm,  and  n=:the  number  of 
revolutions  per  minute  of  the  worm. 

Under  the  above  assumption,  that  for  continuous  service  and  heavy 
pressures,  the  sliding  velocity  should  not  be  more  than  200  feet  per 
minute,  we  have  as  the  limiting  value  of  d  to  avoid  all  cutting, 

200 

d  = . 

0.262  n 

The  exact  nature  of  the  surface  of  contact  between  a  worm  and  wheel 
is  involved  in  doubt;  many  claim  it  is  only  a  point;  It  certainly  is 
not  large,  and  consequently  a  wide  face  for  the  wheel  Is  not  needed. 
If  the  angle  o^  is  made  60  degrees,  it  will  make  the  face  right  for  any 
ordinary  worm  of  4  to  6  inches  diameter. 
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There  is  in  all  worm  gearing  a  very  heavy  end  thrust  on  the  worm- 
shaft,  and  also  an  outward  force  normal  to  the  worm-axis,  each  of 
which  must  be  suitably  provided  for  in  the  design  of  the  shaft  and 
bearings.  The  end  thrust  may  be  taken  by  bronze  washers  slipped  into 
the  bearings  at  the  end  of  the  shaft,  which  may  be  removed  when 
worn  and  replaced  with  new  ones.  Shoulders  may  be  provided  on  the 
shaft,  between  which  and  the  bearings  bronze  collars  may  be  placed, 
these  being  split  to  enable  new  ones  to  be  easily  and  quickly  placed  in 
position  when  the  old  ones  become  worn.  Roller  thrust  bearings  are 
very  often  applied  to  worms,  and  these  as  well  as  the  bronze  washers 
may  be  supplied  with  adjusting  set-screws  to  take  up  the  wear,  instead 
of  renewing  the  washers. 

In  Fig.  25  let  P  =  the  tangential  force  at  the  pitch  line  of  the  worm, 
d=:the  pitch  diameter  of  the  worm,  Q  =  the  tangential  force  at  the 
pitch  line  of  the  worm-wheel,  E  =  the  end  thrust  of  the  worm-shaft. 


A 

--.^ 

r. 

1 

\ 

B 

' 

i 

/: 

wmmmm 

A 

F 

E 
Flff.  26. 


jr  =  the  force  on  the  worm-shaft  normal  to  the  worm-axis,  then,  fric- 
tion being  neglected, 

Pxd 

Q  = '     (4) 

P 
In  Fig.  26  let  the  force  Q  be  represented  by  the  line  A  C  normal  to  the 
tooth  side  of  the  worm  at  the  pitch  line;  draw  AB  normal  to  the 
axis  of  the  worm,  and  B  C  parallel  to  the  axis  or  coincident  with  the 
pitch  line  of  the  worm;  then,  when  measured  to  the  same  scale  to 
which  AC  was  drawn,  AB  =  F^  and  BC^=E,  As  the  angle  CAB  is 
75  deg.  (for  the  15  deg.  involute  system)  we  have, 
F 

—  =  sin  15  deg.,  and  F  =  0.259  Q  (5) 

Q 

E 

—  =  cos  15  deg.,  and  JE7  =  0.966g  (6) 
Q 

Taking  friction  into  consideration,  the  force  Pi,  tangential  to  the  pitch 
line  of  the  worm,  which  it  is  necessary  to  employ  in  order  to  produce 
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a  force  Q  tangential  to  the  pitch  line  of  the  wheel,  is  given  hy  Wels- 
bach  as  . 

P,  =  Q (7) 

1  —hf 
in  which 

__    P 

ird 
The  efficiency  of  the  worm  and  wheel  is  then, 

P 

— =e  (8) 

Pi 
Example:     A  single  thread  worm  of  1  inch  pitch,  running  80  revolu- 
tions per  minute,  is  to  transmit  to  a  worm-wheel  a  tangential  force 
Q  =  5,000  pounds,  and  is  to  be  self-locking. 
Here  from  (3) 

200 

d< , 

0.262  X  80 
or  d  may  be  as  large  as  9.5  inches  before  abrasion  need  be  feared. 
From  (2) 

p  <  0.157  d;  assume  p  =  0.125  d, 
then,  as  p  =  1  inch,  d  =  8  inches,  or  the  worm  will  require  to  be 
8  inches  pitch  diameter  in  order  that  the  angularity  of  the  thread 
may  be  small  enough  to  make  the  system  self-locking.  It  will  be  seen 
that  the  required  diameter  will  be  increased  as  the  value  of  f  is 
decreased,  and  in  case  the  required  diameter  of  the  worm  proves  to.o 
great  for  practice,  and  the  pitch  cannot  be  reduced  on  account  of  con- 
siderations of  strength,  some  outside  aid,  such  as  a  brake  or  friction 
disk  applied  to  the  worm-shaft,  will  have  to  be  adopted.  * 
From  (7) 

P  1 

as  h=: = =  0.04,  we  have 

ird       3.14X8 

0.04  +  0.05 

P,  r=  5,000 =  451  pounds. 

1— (0.04  X0.05) 


From  (4) 


3.14  X  8  X  P 
5,000  = ,  or  P  =  199  pounds. 


'      From  (8) 

P        199 

—  = =44%  for  the  efficiency  of  the  worm-gear. 

P,       451 

The  formulas  may,  by  starting  with  those  for  the  efficiency,  be  used 
to  deteriiiine  the  pitch  diameter  which  will  give  the  proper  thread 
angle  for  any  given  pitch  and  degree  of  efficiency. 

It  is  clear  from  the  foregoing,  that  a  worm  gear  of  large  pitch  will 
require  a  pitch  diameter  of  the  worm  altogether  too  large  for  practice, 
if  it  is  to  be  self-locking,  and  that  the  system  as  usually  designed  may 
be  expected  to  run  backwards.  To  prevent  this,  a  friction  disk  may 
be  placed  in  the  bearing  which  receives  the  thrust  of  the  worm-shaft 
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when  the  system  is  running  backwards,  and  the  diameter  of  the  disk 
so  proportioned  as  to  Just  hold  the  worm-shaft  stationary  under  the 
impulse  of  the  worm-wheel. 

The  foregoing  discussion  neglects  the  effect  of  the  thrust  of  the 
worm-shaft  in  its  bearings*  the  frictional  resistance  of  which  must 
be  added  to  that  of  the  teeth  to  obtain  the  actual  conditions  of  a 
self-locking  system.  This  frictional  resistance  depends  upon  the  values 
of  the  end  thrust  E  and  the  normal  force  F  already  found,  and  the 
diameter  and  form  of  the  bearing.  In  nearly  all  cases  of  worm  gear- 
ing the  mounting  of  the  worm  upon  the  shaft  will  be  covered  by  one 


.  27. 
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of  three   cases,   either  unsymmetrically   between   the   bearings,   sym- 
metrically between  the  bearings,  or  over-hung. 

In  Case  1,  Fig.  27,  the  bending  moment  upon  the  worm  shaft  is, 
Fab        0.259  Oa& 

M  = = (9) 

L  L 

In  Case  2,  same  as  Case  1,  except  that  the  worm  is  central  between 
the  bearings,  and 

L 

2 
the  bending  moment  upon  the  worm-shaft  is, 
0.259  Q  L 

M =0.0647  QL  (10) 

4 
In  Case  3,  Fig.  28,  the  bending  moment  upon  the  worm-shaft  is, 

lf  =  i?'I/  =  0.259gi/  (11) 

In  each  of  the  above  cases  the  shaft  is  subjected  to  a  combined  twist- 
ing and  bending  strain,  the  twisting  moment  being  the  same  in  each 
case,  T=zPR,  which  Is,  however,  so  small  as  to  be  negligible  in  what 
follows. 

In  the*  following  table  the  first  column  shows  the  several  styles  of 
Journals  most  commonly  used  for  worm-shafts,  the  second  column  gives 
the  moment  of  friction  for  each  under  a  load  In  the  direction  of  the 
arrow,  the  third  column  gives  the  coefficient  of  friction  assumed,  and 
the  fourth  column  gives  the  tangential  force  P,  at  the  pitch  line  of  the 
worm,  resulting  from  the  resistance  of  friction  in  the  Journals,  and 
found  by  dividing  the  moment  of  friction  in  column  2  by  the  pitch 
radius  of  the  worm. 

There  are  always  acting  upon  the  worm-shaft  the  two  forces  F  and 
E;  consequently  to  get  the  resultant  retarding  force  tangential  to  the 
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pitch  line  of  the  worm,  we  must  take  the  sum  of  the  resultants  due  to 
the  frlctional  resistance  of  each  force  separately.  Referring  to  the 
tahle,  we  will,  for  each  worm-shaft,  find  the  conditions  shown  at  A, 
in  addition  to  the  conditions  shown  either  at  B,  C  or  D,  as  the  case 
may  be,  and  the  total  resultant  force  P,  at  the  worm  pitch  line,  will 
be  the  sum  of  the  quantities  given  in  column  4  opposite  the  particular 


These  frlctional  resistances  developed  by  the  journals  act  in  a  direc- 
tion helpful  to  the  self-locking  property  of  the  worm,  and  enable  the 
designer  to  use  a  larger  thread  angle  for  a  given  diameter  of  worm, 
or  a  smaller  diameter  of  worm  for  a  given  thread  angle,  thus  getting 

TABUi  OrvmO  MOMRMT  of  FBIOTION  with  various  TtFBB  OF  BSAHIKOB 


style  of  Journal. 


Moment  of 
Friction. 


^=4r 


!L 


c 

h^    c 

^        ^ri^^x 

"' 

1    JV^ 

/Fd, 


%fEr 
8 


a/JS?(»»-r,») 
i  r  sin.  y 


.05 


.05 


.05 


2/^(r,»-r») 
8  (ri»  -  r») 
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.04  Pd, 
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IPdt 
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.2P(r»- 

-r.«) 

jprsin 

•  y 

.%P{n* 

-r») 

n'- 

r« 

within  the  limits  of  good  practice,  and  increasing  the  efficiency  of  the 
system  for  the  forward  movement. 

Having  determined  the  force  P,  tangential  to  the  worm  pitch  line, 
resulting  from  the  frlctional  moment  at  the  journals,  the  angle  of 
repose  for  this  force  acting  with  the  force  Q,  as  shown  in  Fig.  29,  is 
given  by  the  equation,  Ps 

tan  a?  =  — . 
Q 

The  thread  angle  found  previously  to  the  consideration  of  the  effect 
of  the  journal  friction  may  now  be  increased  by  the  angle  a?,  making 
the  thread  angle  a-\-  x.  This  may  be  accomplished  either  by  increas- 
ing the  thread  angle,  increasing  the  pitch,  or  decreasing  the  pitch 
diameter. 

Consider,  now,  that  In  the  foregoing  example,  the  worm  shaft  is  of 
the  form  of  Case  2,  the  worm  being  central  between  the  bearings,  and 
the  distance  between  bearings  being  36  inches. 
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Then,  from  (6)  we  have, 

F = 0.259  X  5,000  =  1,296  pounds, 
and  from  (6) 

^  =  0.966  X  6,000  =  4,830  pounds. 
Prom  (10) 

0.259  X  6,000  X  36 

M = = 11,656  Inch-pounds. 

4' 
Assuming  8  =  10,000  pounds  peV  square  inch  for  the  allowable  fiber 
stress  in  the  worm  shaft,  we  have 
v 
-Jf  =  — d,» «  or  d,  =  2.28  Inches. 
32 
From  the  table.  Case  A. 

.  0.04  X  199  X  2.28 
Pi  = =  18.15  pounds. 


InduUrtnl  Prut.  X.f. 


Plff.  29. 


From  the  table,  Case  B, 

0.1  X  199  X  2.28 


Then 


From  (1) 


Px  =  - 


-  =  45.37  pounds. 


P.  =  18.15  -f  45.37  =  63.52  pounds. 
63.52 

tan  0?  = =  0.0127 

6,000 
^  =:  0  deg.  44  min. 


Then 


tan  a: 


-  =  0.04 


3.14  X  8 
a  =  2deg.  17min. 

a-fa?  =  3deg.  Imin. 
tan  3  deg.  1  min.  =  0.053 
P 
=  0.053  =  h,  and  d  =  6  inches,  approx. 

If,  now,  we  substitute  these  new  values  of  h  and  d  in  equations  (7) 
and  (4),  we  shall  have. 
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From  (7) 

0.053  +  0.05 

Pi  =  5,000 =  516  pounds. 

1— (0.053X0.05) 
From  (4), 

P  X  3.14  X  6 

5,000  = ,  or  P  =  265  pounds. 

1 
From  (8) 

P         265 

—  =   — •    =51%  efficiency  for  the  worm-gear. 
P,        516 
The  total  efficiency  of  the  system,  taking  account  of  the  Journal  fric- 
tion, will  be 

P  265 

= =  46%. 

Pr  +  P^  516  +  63.52 

It  thus  becomes  clear  that  while  the  efficiency  of  the  worm  threads 
and  wheel  teeth  has  been  increased  above  50  per  cent,  the  efficiency 
of  the  whole  systeip,  including  the  journals,  Is  below  50  per  cent,  and  the 
system  retains  its  self-locking  property.  It  is  evident  that  when  run- 
ning forward,  the  end  thrust  E  upon  the  worm  shaft  will  be  upon  the 
opposite  end  from  that  when  running  backwards,  and  on  this  accouht 
a  system  may  be  designed  to  have  a  high  efficiency  on  the  forward 
movement  and  still  preserve 'Its  self-locking  property. 

If  both  the  Journals  be  made  roller  bearings,  and  the  end  taking  the 
thrust  on  the  forward  movement  be  made  ball  bearing,  while  the  oppo- 
site end  be  made  like  Case  C  or  D  in  the  table,  properly  proportioned, 
the  worm  may  be  designed  to  show  a  very  high  efficiency  on  the  for- 
ward movement,  while  the  frictional  resistance  of  the  step  bearing 
on  the  opposite  end  will  cause  the  system  to  be  self-locking  by  reason 
of  the  energy  absorbed  at  the  step  bearing. 

The  formulas  may  be  put  into  more  convenient  form  for  this  pur- 
pose, as  follows: 

The  designer  will  have,  to  start  with,  a  knowledge  of  the  force  Q 
required  at  the  worm-wheel,  the  force  Pi  at  the  pitch  line  of  the  worm, 
developed  from  the  source  of  power,  the  pitch  required  for  the  worm- 
wheel,  and  the  efficiency  e  for  which  he  wishes  to  design  the  system. 
We  then  have,  , 

P 
—  =  e,  and  P  =  Pi  e. 

Substituting  this  value  for  P  in  equation  (4)  and  solving  for  d,  we 
have 

PQ 

d  = 

3.14  Pi  € 
for  the  worm,  neglecting  the  Journals,  when  the  Journals  ftnd  thrust 
bearings  are  roller  and  ball  bearings,  respectively,  and 

pQ 

d  = 

3.14(Pi  — P3)e 
when  the  Journals  and  thrust  bearings  are  considered. 
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Tbe  Worm  being  thus  designed  for  the  given  efllciency  on  the  forward 
movement,  it  remains  to  determine  such  proportions  of  the  step  bear- 
ing for  the  backward  movement  as  will  present  enough  frictional 
resistance  to  render  the  system  self-locking.  Let  ei  =  the  efficiency 
when  the  Journals  and  thrust  are  considered,  then 
P 
=  ei  or  P  =  e,  (Px  +  P.) 

and  substituting  the  val^ue  of  P  found  above 

ePi  =  ejPi  +  eiP, 
and 

P,  (e  — €,) 

P3  = . 

€i 
By  equating  this  force  P,  to  the  proper  quantity  from  column  4  in 
the  table  of  Journal  resistances,  the  proportions  required  of  the  Journal 
or  step  bearing  may  be  determined. 

Theoretical  Bfflolency  of  Worm  Qearlnff. 
The  following  table  gives  the  theoretical  efficiency  of  worm  gearing 
for  a  number  of  different  coefficients  of  friction.  Practical  experiments 
carried  out  by  the  Oerlikon .  Company,  Oerlikon  by  Ztirlch,  Switzer- 
land, agree  closely  with  the  results  from  theoretical  calculations  given 
in  the  table.    These  experiments  indicate  that  the  efficiency  Increases 

TABLB  OrVlNQ  TBaOBBTZOAL  BFFIOIBHOY  OF  WORM  OSARINQ. 


Ll 

AKOXJB  or  IVOLIirATZON. 

I'e 

6deg. 

10de(f. 

15d«g 

90deg. 

86deg. 

SOdeg. 

86deg 

40deg 

46deg 

0.01 

89.7 

94.5 

96.1 

97.0 

97.4 

97.7 

97.9 

98.0 

98.0 

0.02 

81.3 

89.5 

92.6 

94.1 

96.0 

95.5 

95.9 

96.0 

96.1 

0.08 

74.8 

85.0 

89.2 

91.4 

92.7 

98.4 

98.9 

94.1 

94.2 

0.04 

68.4 

80.9 

86.1 

88.8 

90.4 

91.4 

92.0 

92.2 

92.8 

0,05 

68.4 

77.2 

88  1 

86.8 

88.2 

89.4 

90.1 

90.4 

90.5 

0.06 

69.0 

78.8 

80.4 

840 

86.1 

87.5 

88.2 

88.6 

88.7 

0.07 

55.2 

70  7 

77  8 

81.7 

84.1 

85  6 

86.4 

86.9 

86  9 

o.oa 

51.9 

67.8 

75.4 

79  6 

82  2 

88.8 

84.7 

85.2 

85.2 

0.09 

48.9 

65.2 

78.1 

77.6 

80.8 

82.0 

88.0 

88.5 

88.5 

0.10 

46.8 

62.7 

70.9 

76.6 

78.5 

80  8 

81.4 

81.9 

81.8 

with  the  angle  of  Inclination,  up  to  a  certain  point.  They  also  show 
that  for  larger  angles  of  Inclination  than  25  degrees  to  30  degrees  the 
efficiency  Increases  very  little,  especially  if  the  poefficient  of  friction 
is  small,  and  this  fact  is  of  importance  In  practice,  because,  for  rea- 
sons of  gear  ratio  and  conditions  of  a  constructive  nature  an  angle 
greater  than  30  degrees  cannot  be  employed.  The  coefficient  of  fric- 
tion Increases  with  the  load  and  diminishes  to  a  certain  extent  with 
increase  of  speed.  Besides  the  friction  between  the  worm  and  the 
wheel  tedth,  there  is  also  the  friction  of  the  spindle  bearings  and  the 
ball  bearings  for  taking  the  axial  thrust.    To  obtain  the  best  results, 


Digitized  by 


Google 


40  IVORM  GEARING. 

there  must  be  very  careful  choice  of  dimensions  of  teeth,  of  the  stress 
between  them,  and  the  angle  of  inclination.  To  show  what  can  be 
done,  the  following  are  the  results  of  a  test  with  an  Oerllkon' worm- 
gear  for  a  colliery  winding  engine:  The  motor  gave  30  brake  horse- 
power to  40  brake  horse-power  at  780'  revolutions.  The  normal  load 
was  25  brake  horse-power,  but  at  starting  it  could  dey^op  40  brake  horse- 
power. The  worm-gear  ratio  was  13.6  to  1,  the  helicoidal  bronze  wheel 
having  68  teeth  on  a  pitch  circle  of  7.283  inches  and  the  worm  5 
threads.  The  power  required  at  no  load  for  the  whole  of  the  gear  was 
620  watts,  corresponding  to  2.8  per  cent  of  the  normal.  The  efficiency 
at  one-third  normal  load  gave  90  per  cent,  at  full  load  94^,  and  at 
50  per  cent  overload  93  per  cent.  The  efficiency  of  the  toorm  and  wheel 
alone  is  higber,  and  knowing  the  no-load  power,  it  calculates  out  at 
97%  per  cent.  According  to  the  table  given  of  theoretical  efficiencies, 
this  gives  the  coefficient  of  friction  as  0.01.  To  obtain  a  reduction 
of  13.6  to  1  with  spur  gear  would  have  necessitated  two  pinions  and 
two  wheels  with  their  spindles  and  bearings,  and  if  the  bearing  fric- 
tion was  taken  into  consideration  the  efficiency  of  such  gearing  would 
certainly  not  have  reached  the  above-mentioned  figure  of  94%  per  cent 
at  full  load.  These  figures,  of  course,  seem  very  high  for  the  efficiency 
of  worm  gearing.  They  were  published  in  Machinebt.  December,  1903. 
having  been  obtained  from  a  reliable  source,  and  were  never  chal- 
lenged. 
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No.  10.  Examples  of  Machine  Shop  Practice. — Three  chapters  on  Cut- 
ting Bevel  Gears  with  a  Rotary  Cutter,  Spindle  Construction,  and  the  Making 
of  a  Worm-Gcar.  The  descriptions  of  the  operations  are  profusely  illustrated, 
demonstrating  the  value  of  the  camera  for  telling  the  story  of  machine  shop 
work,  and  for  graphic  instructions  in  the  methods  of  machine  shop  practice. 

No.  11.  Bearings. — Design  of  Bearings,  Hot  Bearings,  Oil  Grooves  and 
Fitting  of  Bearings,  Lubrication  and  Lubricants,  and  Ball  Bearings. 

No.  12.  Mathematical  Principle.s  of  Machine  Design. — The  matter  pre- 
sented is  almost  entirely  the  work  of  Mr.  C.  F.  Blake,  a  name  very  familiar  to 
the  readers  of  RL\ciii-\ery.  Draftsmen  and  designers  will  find  the  chapters  on 
the  Efficiency  of  Mechanisms  and  Notes  on  Design  full  of  valuable  suggestions. 

No.  13.  Blanking  Dies. — Contains  chapters  dealing  with  blanking  Dies  in 
general,  the  Design  of  Dies  for  Cutting  Stock  Economically,  Split  Dies,  and 
General  Notes  on  Die  Making. 

No.  14.  Details  of  Machine  Tool  Dp:sion. — Contains  chapters  on  the  deter- 
mination of  the  Diameters  of  Cone  Pulleys,  the  Relation  between  Cone  Pulleys 
and  Belts,  the  Strength  of  Countershafts,  and  Tumbler  Gear  Design. 

No.  15.  Spur  Gearing. — Contains  chapters  on  the  First  Principles  of  the 
Action  of  Gears,  the  Arithmetic  of  Spur  Gearing,  Formulas  for  the  Strength  of 
Gear  Teeth,  and  the  Variation  of  the  Strength  of  Gear  Teeth  with  the  Velocity. 

No.  16.  Machine  Tool  Drives. — Contains  chapters  on  the  Speeds  and 
Feeds  of  Machine  Tools;  Machine  Tool  Drives;  Single  Pulley  Drives;  and 
Drives  for  High  Speed  Cutting  Tools. 

No.  17.  Strength  of  Cylinders. — Deals  with  the  subject  of  strength  of 
cylinders  against  internal  hydraulic  or  steam  pressure.  Foripulas,  tables  and 
diagrams  are  given  to  facilitate  the  design  of  such  cylinders. 

No.  18.  Arithmetic  for  the  Machinist. — ^Amohg  the  various  subjects 
treated  arc  the  following:  The  Figuring  of  Change  Gears;  Indexing  Movements 
for  the  Milling  Machine;  Diameters  of  Forming  Tools;  and  the  Turning  of 
Tapers.     Simple  directions  are  given  for  the  use  of  tables  of  sines  and  tangents. 

No.  19.  Use  of  Formulas  in  Mechanics. — This  pamphlet  is  adapted  for  the 
man  who  lacks  a  fundamental  knowledge  of  mathematics.  It  opens  with  a 
chapter  on  mechanical  reading  in  general,  and  proceeds  to  explain  thoroughly 
the  use  of  formulas  and  their  application  to  general  mechanical  subjects.     ' 

No.  20.  Spiral  Gearing. — A  simple,  but  complete,  treatment  of  the  subject, 
from  a  practicr.1  point  of  view,  giving  directions  for  calculating  and  cutting 
helical,  or,  as  they  are  commonly  called,  spiral  gears. 

Lack  of  sp&ce  prevents  a  description  of  the  following  very  useful  and  In- 
teresting pamphlets:  — 

No.  21.  Measuring  Tools. — ^No.  22.  Calculations  of  Elements  of  Ma- 
chine Design. — No.  23.  The  Theory  of  Crane  Design. — No.  24.  Examples  op 
Calcutjvtino  Designs. 

O  THER  PAMPHLETS  IN  THE  SERIES  WILL  BE  ANNO  UNCED  IN  MACHINERY 
FROM  TIME  TO  TIME. 
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The  present  treatise  Is  one  unit  in  a  comprehensive  series  of  Inexpensive 
reference  pamphlets,  broadly  planned  to  present  the  very  best  that  has  been 
published  on  machine  design,  construction  and  operation,  collected  from 
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size,  and  will  contain  from  32  to  48  pages,  depending  upon  the  amount  of  space 
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the  pamphlets  can  be  obtained  by  new  subscribers  on  very  favorable  terms  in 
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CHAPTER  I. 


DRAFTINQwBOOM  SYSTEM. 

The  drafting-room  may  be  said  to  bear  a  double  relation  to  the  shop. 
It  is  the  place  where  designs  are  originated,  and  so  in  a  sense  it  is 
the  head  of  the  shop,  furnishing  it  with  the  ideas  which  the  machinist 
turns  into  concrete  forms  in  iron  and  steel.  On  the  other  hand,  the 
drafting-room  may  be  the  servant  of  the  rest  of  the  establishment, 
doing  its  calculating  and  its  routine  work  of  testing,  etc.,  lessening 
the  tax  on  the  memory,  and  leaving  the  minds  of  the  workmen  and 
foremen  free  to  the  task  of  getting  out  the  product.  In  different  shops, 
the  use  which  is  made  of  these  two  functions  varies-H>ne  or  the 
other  of  them  may  be  neglected.  It  is  safe  to  say,  however,  that  there 
are  scores  of  shops  where  the  drafting-room  is  looked  upon  as  an 
almost  unnecessary  evil,  and  every  cent  which  is  spent  in  its  salaries 
and  supplies  begrudged,  when  this  part  of  the  plant  might  be  the  ser^ 
vant  of  the  whole,  making  the  work  go  more  smoothly  and  easily  all 
along  the  line,  from  ^ce  to  shipping-room,  if  the  men  in  charge  under- 
stood how  to  get  from  it  its  full  value.  It  is  this  second  function  which 
is,  perhaps,  least  understood.  In  the  following,  attention  will  be  called 
to  some  of  the  different  ways  in  which  the  drafting-room  may  lighten 
the  labors  of  the  workmen,  lessen  the  strain  on  the  foreman,  and  grease 
the  wheels  of  industry  generally.  We  will  neglect  entirely  the  matter 
of  design,  therefore,  and  consider  the  routine  ofQce  work  of  a  typical 
shop.  All  the  Ideas  which  will  follow  have  been  put  into  practical  and 
satisfactory  use,  some  of  them  for  years  in  the  largest  establishments 
in  the  country. 

Systems  will  vary  greatly  in  such  widely  varying  lines  as  flre-arms, 
electrical  apparatus  and  milling  machines,  but  in  order  to  take  a  case 
which  will  be  most  suggestive,  suppose  it  Is  required  to  equip  with 
all  necessary  drawings,  lists  and  records,  a  small  shop  building  a  line 
of  machine  tools. 

Numberlnfir  the  Parts. 

We  should  have  to  start  with  a  layout  of  the  machine  in  hand,  done 
to  accurate  scale,  made  either  as  a  new  design  or  a  copy  of  a  machine 
already  being  produced.  The  first  question  to  consider  is  that  of  num- 
bering the  parts  and  arranging  the  detail  drawings.  A  good  way  to 
number  the  parts,  drawings,  etc.,  is  to  give  to  each  variety  of  tool 
produced  a  distinctive  letter,  such  as  "A"  for  universal,  "B"  for  plain, 
and  "C"  for  vertical  milling  machines,  "D"  for  shaper,  and  so  on. 
Attached  to  this  Is  a  number  distinguishing  the  size.  "B2"  is  No.  2 
plain  miller,  "L24"  might  be  24-inch  lathe,  and  so  on.  The  men  in  the 
shop  and  office  alike  soon  fall  into  the  way  of  calling  the  machines 
by  these  nicknames.    Then  each  separate  part  is  given  a  serial  number. 
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Thus  "L20-49"  might  tnean  the  head  cone  gear  for  a  20-iiich  lathe. 
This  designation  would  be  marked  on  the  pattern  and  serve  as  a  pat- 
tern number  as  well. 

The  arrangement  of  the  parts  in  order  for  numbering  depends  on 
whether  the  parte  are  to  be  manufactured  and  fitted  in  assembling,  or 
fitted  each  to  the  other  in  the  process  of  making.  We  may  take  it  for 
granted  that  the  shop  is  trying  at  least  to  do  business  in  a  profitable 
way.  so  the  arrangement  will  be  considered  from  a  manufacturing 
standpoint.  The  parts  should  then  be  grouped  in  such  manner  that 
pieces  having  similar  operations  involved  will  be  detailed  on  the 
same  sheets.  First  will  come  the  large  castings,  like  the  beds,  legs, 
tables,  heads,  etc.;  after,  come  the  other  small  castings.  Involving 
milling  and  drilling  mostly,  as  the  brackets,  levers,  braces,  gear  guards, 
etc.;   then  the  castings  which  are  finished  mostly  by   turning,  like 


FULL  SHEET  -  '  D"  SIZE  -  36    X  24 ' 


•H"Size-18'xW" 

"P"  Size 

9"x  12" 

"L''Slze-l8"xl2" 

Flff .  1.   Standard  81m  Drawlnff  8h«ata. 

pulleys,  gears,  and  bronze  bushings.  Next  comes  the*  group  which 
Includes  the  turned  parts  made  from  stock  or  forgings,  such  as  spin- 
dles, shafts,  steel  gears,  jBtc;  followed  by  a  group  of  the  small  parts 
made  on  the  screw  machine.  The  last  class  contains  the  parts  made 
by  ihilUng  and  drilling  from  flat  and  rectangular  stock.  If  the  parts 
are  numbered  and  arranged  on  the  drawings  in  some  such  order  as 
this,  the  workman  who  makes  a  specialty  of  certain  operations  will 
have  all  his  work  conveniently  grouped  together  on  the  sheets. 

Standard  Drawing  Sizes. 

To  obtain  the  greatest  simplicity  in  handling  and  indexing  in  the 
drawing  oflace,  it  is  necessary  to  have  a  single  standard  size  for  the 
sheets.  In  the  shop,  however,  big  blueprints  are  a  nuisance,  and  the 
sheets  should  be  no  larger  than  is  needed  to  show  a  convenient  number 
of  the  parts  in  the  group  being  detailed.  It  is  possible  to  satisfy 
the  requirements  of  both  shop  and  office  by  making  the  tracings  of  a 
standard  size,  and  cutting  the  prints  up  afterward  into  as  many 
smaller  sheets  as  may  be  necessary.     Fig.  1  sho'ws  how  the  convenient 
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36-inch  by  24-inch  "D"  size  sheet  may  be  cut  up  into  the  other  smaller 
sizes;  thus  it  may  make  two  "H"  sheets,  or  four  "L"  sheets,  or  eight. 
"P"  sheets,  or  two  "L"  sheets  and  four  *'P"  sheets,  and  so  on.  The 
smaller  size  is  especially  suitable  for  the  parts  made  on  the  screw 
machine.  If  an  extra  large  sheet  is  needed  for  an  assembly,  or  a  full- 
size  view  of  a  large  casting,  a  36-inch  by  48-inch  sheet,  or  larger, 
may  be  made,  folded  into  the  standard  sheet  dimension,  and  filed  with 
the  rest. 

DetailinfiT' 
Starting  In  the  order  in  which  the  parts  have  been  grouped,  detail 
them  out  on  large  sheets,  sub-divided  to  suit  the  case  in  hand.  Don't 
try  to  crowd  them,  but  give  plenty  of  room  for  changes  and  additions, 
and  leave  space  in  each  drawing  for  adding  other  parts  of  a  similar 
group,  if  this  should  be  required  in  the  future.    The  lower  right-hand 
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Fiff .  2.    Lower  Rl^ht-Hand  Corner  of  Drawlne . 

comer  of  each  section  is  ruled  off  into  a  title,  as  shown  in  Fig.  2,  con- 
taining on  the  top  line  the  symbol  of  the  machine,  in  this  case  B3, 
which  means  No.  3  plain  miller,  then  the  lot  number,  which  is  filled  in 
on  the  print,  and  lastly  the  list  of  part  numbers  included  on  that 
"drawing.  The  second  line  contains  in  large  letters  a  title  descriptive 
of  the  contents  of  that  drawing;  the  next  names  the  machine,  and 
after  that  comes  the  firm  name  and  the  space  for  initials  and  dates. 
The  column  at  the  right,  headed  "changes,"  will  be  explained  later  on. 
In  assigning  numbers  to  the  parts,  leave  a  few  numbers  out  at  the 
start  to  give  to  the  assembled  drawings  when  they  are  made.  Begin 
by  numbering  the  column,  say,  No.  15.  Leave  out  two  or  three  num- 
bers, to  give  leeway,  if  it  is  desired  to  add  any  new  details  to  that 
sheet  later  on,  and  then  number  the  knee  and  saddle,  for  instance,  if 
they  come  next,  19  and  20.  The  first  sheet  then  would  Include  Nos. 
15  to  18,  and  so  15-18  would  be  printed  in  the  proper  space  in  the 
top  line.  The  drawing  with  the  knee  and  saddle,  containing  only  these 
two  details  might  be  numbered  19-23,  and  so  on.  In  the  same  manner, 
if  the  first  group  ends  at  60,  begin  the  next  group  at  100;  that  might 
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end  at  271  and  the  next  begin  at  300,  and  so  on.  Thus  parts  and  draw- 
ing will  be  numbered  in  a  flexible  way  which  will  make  additions  easy 
without  deranging  the  list  of  parts.  In  the  margin  at  the  lower  right- 
hand  comer  of  the  sheets  should  be  placed  the  numbers  inclusive  of 
all  the  details  on  all  the  drawings  of  that  sheet,  as  shown  in  the 
sample  title.  Fig.  2.    This  is  for  convenience  in  filing  the  tracings. 

Dimenaionlng. 
In  detailing,  the  way  in  which  the  parts  are  dimensioned,  the  com- 
pleteness of  the  information  given  by  the  dimensions  and  the  notes, 
and  the  clearness  of  the  drawing  itself,  all  these  points  together  make 
the  difference  between  help  and  hindrance.    Much  has  been  written  in 
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Fiff.  3.    DetaU  Drawing. 

mechanical  papers,  and  much  more  said  in  the  shop,  profanely  and 
otherwise,  about  the  dimensioning  of  drawings.  The  draftsman  must 
keep  in  his  mind's  eye  the  whole  course  of  the  manufacture  of  the 
piece,  and  give  the  dimensions  in  such  manner  that  the  workman  will 
not  have  to  add  or  subtract  or  multiply  or  divide  this  and  that  to 
obtain  the  measurement  he  requires.  Of  course  no  scaling  of  draw- 
ings is  allowed  in  the  shop.  .  The  ideal  to  be  kept  in  mind  is  that  of 
a  drawing  having  information  so  completely  given  that  the  wayfaring 
man,  though  a  fool,  need  not  ask  questions,  but  take  the  blueprint, 
follow  it  in  blind  confidence,  and  turn  out  work  all  completed  save  for 
the  little  squaring  up  of  shoulders  that  may  be  needed  in  fitting  it  in 
place  in  the  machine.  In  Figs.  3  and  4  are  shown  detail  drawings, 
which  more  or  less  completely  illustrate  this  idea.  » 

Fig.  3  shows  a  cast-iron  lever.    The  handle  is  not  turned,  but  buffed. 
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as  noted.  Since  the  body  part  has  no  finish  given,  it  Is  painted  to 
correspond  with  the  rest  of  the  machine.  The  ends  of  the  hub  and 
the  face  of  the  boss  are  marked  "A"  which  means  "finish."  This  idea 
Is  sometimes  carried  out  more  completely  by  making  f,  for  instance, 
mean  a  ground  surface,  f,  a  filed  surface,  f,  a  smooth-turned,  but  it  is 
much  less  confusing  to  write  out  in  plain  English  whatever  finish  may 
be  required  other  than  that  left  by  the  cutting  tool.  Do  not  be  afraid 
of  putting  on  the  drawing  any  notes  which  will  aid  the  operative. 
"Finish"  is  often  indicated  by  a  red  line  about  1/16  inch  outside  of  the 
finished  surface  and  parallel  with  it.  This  is  the  best  and  clearest 
way  on  paper  drawings,  and  blueprints  as  well,  when  the  red  lines 
print  well,  but  It  takes  good  paper  and  careful  printing. 

The  dimension  from  the  center  line  of  the  hub  to  that  of  the  boss 
is  marked  "about  3  inches."  This  means  that  the  centralizing  of  the 
holes  in  the  casting  is  of  more  importance  than  the  actual  dimension 
given.  The  hole  in  the  hub  is  marked  %"  "std,"  or  "standard," 
which  means  that  it  is  to  be  reamed  to  fit  a  standard  plug  gage.  The 
hole  in  the  hub  is  marked  "drill,"  which  shows  that  it  Is  not  to  be 
reamed  or  fitted,  but  left  as  the  drill  leaves  it.  It  will  be  noticed 
that  a  "fit"  of  1A6  inch  is  indicated  at  one  end  of  the  hub.  The  work- 
man who  squares  up  the  casting  at  this  point  must  leave  1/16  inch  for 
the  fitter  to  remove  in  putting  the  machine  together.  In  the  same  way 
"fit"  is  indicated  on  the  drawings  of  all  shafts,  etc.,  where  it  is  neces- 
sary to  square  up  a  shoulder  to  make  an  end  fit.  This  relieves  the 
l^the  hand  of  all  speculation  as  to  where  his  fits  come.  Under  the 
detail  are  placed  the  part  number,  the  name,  the  material  of  which 
it  is  made,  and  the  number  wanted  for  each  machine. 

There  are  no  casting  or  pattern  dimensions  given  in  the  detail;  It 
is  an  unmitigated  nuisance  to  have  the  shop  drawings  obscured  by  a 
maze  of  dimensions  which  are  never  used  but  once,  when  the  pattern 
is  made.  These  pattern  figures  may  be  placed  on  the  paper  drawing 
from  which  the  tracing  is  taken,  or  they  may  be  put  in  with  a  yellow 
pencil  on  a  blueprint  taken  specially  for  that  purpose.  Of  course,  when 
it  is  necessary  for  a  finished  surface  to  bear  a  definite  relation  to 
a  rough  surface,^  dimension  lines  may  be  drawn  from  that  point,  but 
otherwise  the  shop  should  have  to  do  only  with  the  finished  surfaces. 
'  The  detail  drawings  for  the  patternmaker  should  show  the  draft 
plainly  wherever  it  is  required,  show  the  manner  in  which  a  finish 
cut  terminates  in  the  rough  casting,  and,  in*  general,  give  a  true 
picture  of  the  piece  as  it  will  look  when  finished  in  cold  metal.  This 
relieves  the  patternmaker  of  all  guesswork  as  to  whether  he  ought  to 
add  or  take  off  the  draft,  and,  when  combined  .with  careful  pattern- 
making,  furnishes  a  record  of  the  exact  shape  of  the  castings,  which 
will  be  useful  in  estimating  clearances  in  future  changes. 

Fig.  4  shows  a  sample  detail  of  a  steel  pinion  and  shaft.  Ll^iits 
are  shown  for  all  the  diameters.  The  determination  of  limits  calls 
for  good  judgment  on  the  part  of  the  draftsman.  It  is  very  natural 
for  him  to  put  the  standard  much  too  high,  while  the  shop  often  com- 
plains 'Of  the  closeness  called  for,  not  realizing  that  by  the  old  cut- 
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and-fit  method  much  closer  work  was  done  than  is  needed  or  called 
for  under  the  limit  system.  Limits  may  be  expressed  in  two  waya. 
For  Instance,  a  running  fit  on  a  shaft  to  go  in  a  1^-inch  standard  hole 
In  a  bronze  box  may  be  marked  1%. 

— 0.001   max. 
— 0.0015  mln. 
or  It  may  be  expressed 

0.249 
0.2485 
The  first  way  may  be  best  for  shops  where  the  workmen  have  not 
yet  become  acquainted  with  their  micrometers,  but  it  savors  strongly 
of  the  "%  inch  plus  1/32  inch  less  V:^  of  1/64  inch"  of  our  forefathers. 
In  the  better  shops  of  the  country  the  very  errand  boys  learn  to  use 
the  micrometer  with  ease  and  skill,  so  it  would  seem  that  the  second 
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Flff.  4.    Another  Bzample  of  DetaU  Drawing. 

method  of  marking  the  size  ought  not  to  puzzle  the  workmen  very 
long.  In  either  case  the  larger  dimension  should  be  on  top,  to  catch 
the  eye  first.  In  places  where  there  are  no  limits  given,  of  course  it 
is  understood  that  good,  accurate  scale  measurement  will  do. 

On  the  drawing,  the  tap  drill  size  and  the  depth  of  a  tapped  hole 
are  shown.  The  two  journals  are  marked  "Grind,"  which  means 
"grind  to  size";  the  one  into  a  plainly  shown  recess,  the  other,  where 
the  box  does  not  come  within  %  inch  of  the  shoulder,  up  to  the  fillet. 
In  general  it  is  Intended  that  the  dimensions  shall  be  so  arranged  that 
the  lathe  hand  will  be  able  to  use  them  as  they  stand,  without  bother- 
some calculation.  On  work  made  from  the  round  or  rectangular  bar, 
finish  marks  are  omitted.  Uf  It  is  desired  that  the  piece  be  left  rough 
at  any  point,  the  words  "stock  size"  may  be  applied  to  the  figures 
describing  that  dimension.  For  Instance,  on  a  1 14-inch  cold-rolled 
shaft  turned  up  for  a  short  distance  at  each  end,  the  central  part 
would  be  dimensioned  IVi-inch  "stock  size."  This  particular  piece  is 
used  twice  in  the  construction  of  the  machine,  and  in  different  locali- 
ties, so  it  is  given  two  names  under  the  same  part  number. 

Part  Lists. 

Two  lists  are  required:  A  list  of  detailed  parts,  and  a  list  of  stock 
parts.  Every  single  item  of  a  given  machine  nuMst  be  recorded  some- 
where, either  on  the  blueprints  or  in  the  list  of  screws,  washers  and 
other  sundries  taken  from  the  stock-room  or  purchased  outside. 
A  page  heading  for  the  list  of  parts  in  the  casting  group  is  shown. 


Digitized  by  LjOOQ IC 


DRAFTING-ROOM  SYSTEM. 


9 


upper  sketch,  Fig.  5.  The  first  column  gives  the  part  number;  then 
comes  the  name,  then  the  number  wanted,  the  material  of  which  they 
are  cast,  and  lastly,  two  columns  marked  "castings  ordered'*  and 
"order  filled."  These  spaces  may  he  conveniently  checked  by  the  one 
who  orders  the  castings,  and  he  will  thus  have  a  good  idea  at  any 
time  of  what  progress  Is  being  made  in  supplying  the  needed  material. 
This  does  not,  of  course,  take  the  place  of  whatever  foundry  order 
system  may  now  be  in  use.  The  page  heading  of  the  parts  made  from 
the  bar  and  rod  are  also  self-explanatory,  the  last  two  columns  being 
filled  In  with  the  dimensiops  of  the  rough  stock  needed  to  make  each 
piece.  It  will  be  remembered  that  numerous  blank  spaces  were  left 
in  numbering  the  parts,  to  give  room  for  future  changes.  Similar  gaps 
should  be  left  in  the  list  of  parts. 

The  "List  of  Stock  Farts,"  of  which  two  sample  headings  are  shown, 
Fig.  6,  covers  everything  not  otherwise  provided  for,  and  gives  all  the 
information  necessary  for  ordering.  Leave  plenty  of  room  here,  as 
well,  for  additions  and  alterations.  These  lists  may  be  done  in  ink 
on  printed  and  ruled  blanks  of  thin  bond  paper,  or  they  may  be  type- 
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Flff.6.   Uat  of  DeteUed  Parts. 

written  for  blueprinting  in  the  following  manner:  Do  the  work  in  a 
good  strong  manifolding  machine  with  a  new  black  ribbon.  A  piece 
of  carbon  paper  should  be  placed  In  back  of  the  sheet  with  the  face 
against  it.  This  prints  the  back  of  the  sheet  as  well  as  the  front, 
and  makes  characters  heavy  enough  to  make  good  blueprints. 

If  these  lists  are  printed,  clipped  together  in  tough  paper  covers,  and 
distributed  generally  among  those  who  have  any  use  for  them,  they 
will  save  a  vast  amount  of  useless  mental  strain.  Before  a  new  lot  of 
machines  is  ordered,  the  stock-keeper  can  go  through  the  list  and  see 
that  he  has  got  ^ery  screw  and  washer  on  hand  that  is  needed.  The 
man  who  orderAhe  castings  can  look  over  the  supply  on  hand  and 
govern  himself  accordingly.  The  man  who  has  charge  of  the  bar  stock 
can  keep  himself  supplied  with  the  necessary  material,  and  cut  it  off 
of  the  proper  cross-section  to  the  proper  length  as  fast  as  it  is  needed. 
The  foremen  in. the  shop  can  assure  themselves  that  nothing  has  been 
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forgotten,  that  everything  is  coming  along  as  it  is  wanted,  and  have 
in  general  a  constant  reminder  at  hand  of  what  is  required  of  them. 

Assembly  Views. 

After  all  this  has  heen  done,  we  may  make  the  necessary  assembly 
views,  working  entirely  from  our  detail  views  and  stock  part  list. 
If  the  parts  all  go  together  as  required,  it  is  an  indication  that  the 
job  will  check  up  well.  On  these  drawings,  at  least,  and  perhaps  on 
the  details,  it  is  a  good  plan  to  use  some  simple  method  for  distin- 
guishing the  various  classes  of  mateHals  by  cross  sectioning.  It  is 
good  enough  to  have  one  style  for  steel  and  wrought  iron,  one  for 
brass,  bearing  metals,  etc.,  and  one  for  cast  and  malleable  iron. 

Tracing's. 

Next  comes  the  tracing.  If  the  machine  is  a  new  one,  never  built 
before,  it  is  a  good  plan  to  shellac  the  paper  drawings  and  send  them 
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Flff .  6.    List  Of  Stock  Parts. 
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out  into  the  shop  for  the  first  lot.  This  will  make  the  inevitable  changes 
easier  to  handle  than  when  blueprints  are  used  from  the  start.  As  soon 
as  the  machine  is  well  in  hand,  the  drawings  may  be  recalled,  cleaned 
with  alcohol,  and  traced.  It  Is  of  great  importance  to  use  the  very 
best  grade  of  tracing  cloth.  Not  every  well-advertised  brand  will 
stand  the  rubbing  and  scrubbing  of  a  draftsman  who  has  the  fever 
of  improvement  seething  in  his  brain.  It  costs  much  less  to  get  the 
best  tracing  cloth  at  the  start  than  it  does  to  have  to  make  new 
tracings  on  account  of  having  cloth  that  will  not  stand  erasure. 

ChecUng. 

The  checking  may  now  be  done.  It  is  best  to  delay  this  until  after 
the  tracings  are  completed,  and  then  it  is  done  once  for  all;  and  it 
can  best  be  done  by  some  one  other  than  the  man  who  did  the  detail- 
ing. If,  however,  it  be  gone  over  in  some  orderly,  systematic  way,  it 
may  be  as  well  done  in  a  one-man  drafting-room  as  in  some  large 
establishments,  where  the  drawings  are  examined  and  initialed  by 
•very  one  in  sight,  from  the  engineer  in  charge  down  to  the  tracer. 
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Think  over  beforehand  every  direction  In  which  a  mistake  is  liable 
to  occur,  and  make  a  table  covering  these  chances  of  errors  and  tack  It 
In  plain  sight  on  the  wall  over  the  desk.  For  such  a  system  as  that 
we  are  considering,  the  following  list  might  be  appropriate: 

1.  General  design. 

2.  Finish. 

3.  Dimensions;  sufficiency  and  arrangement. 

4.  Dimensions;  compared  for  accuracy. 

5.  Compare  with  list  of  parts. 

6.  Compare  with  list  of  stock  parts. 

7.  Pattern  number. 

8.  Notes. 

9.  General  title. 

That  is  to  say,  beginning  with  the  first  part  in  the  list  of  detailed 
parts,  we  would  examine  it  first  for  points  in  its  general  design.  1.  Is 
it  well  proportioned,  strong  enough,  and  in  general  harmony  with  the 
lines  of  the  rest  of  the  machine?  Could  Jt  be  changed  so  as  to  require 
less  machining,  or  to  make  it  cheaper  to  mold  (if  a  casting)?  2.  Is 
there  any  unnecessary  finish,  and  has  the  needed  finish  been  properly 
indicated?  3.  See  that  the  dimensions  are  sufficiently  full,  and 
arranged  in  such  manner  that  the  workman  will  know,  without  figur- 
ing, the  dimensions  he  needs.  4.  Compare  the  dimensions  of  the  detail 
In  hand  with  those  of  every  single  contiguous  and  related  piece  in  the 
whole  machine,  whether  detailed  or  given  in  the  list  of  stock  parts. 
This  is  the  important  item  in  the  list,  and  if  It  is  faithfully  carried 
out,  it  will  double-check  every  dimension,  as  each  part  is  thus  checked 
up  once  Individually,  and  again  in  the  checking  of  other  related 
parts.  5.  Compare  titles  and  stock  dimensions  with  entries  in  the  list 
of  detailed  parts.  6.  See  that  every  stock  part  which  is  related  to 
the  detail  being  considered  is  properly  entered  on  its  list.  7.  If  the 
detail  is  a  casting  which  has  no  pattern  of  its  own,  but  uses  that  of 
some  other  part  of  the  same  or  another  machine,  see  that  the  proper 
pattern  number  is  given  under  the  title.  8.  Be  sure  that  notes  are 
given,  to  supply  the  workman  with  all  the  information  he  needs  as 
to  fit,  finish,  etc.  Otherwise  he  will  worry  the  foreman  with  fool  ques- 
tions. 9.  After  the  details  have  been  checked,  as  above,  see  to  it  that 
the  title  of  the  drawing  is  correct  as  to  part  numbers,  names,  etc. 

In  the  same  manner  the  lists  must  be  gone  over,  checking  every 
name,  number,  note  and  dimension. 

Printing,  Mounting,  Btc. 

The  tracings  may  now  be  blueprinted,  cut  up  into  the  proper  sec- 
tions, and  mounted  on  suitable  boards.  Do  not  send  them  out  rolled 
up,  to  get  defaced  and  torn,  and  refuse  to  lie  flat  in  the  files,  when 
they  are  returned.  When  mounted,  they  are  distributed  to  whoever 
needs  them.  With  the  details  intelligently  grouped  as  described  above, 
and  with  not  too  many  on  a  drawing,  one  set  of  detail  prints  ought  to 
suffice  to  put  through  a  single  lot  in  the  shop.  Be  generous  with  the 
U8t8»  however,  and  put  them  wherever  they  can  be  of  any  service. 
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Stamp  each  print,  in  red,  with  the  date  when  It  was  printed,  and 
keep  a  record  of  prints  made  and  delivered  to  the  shop.  This  record 
will  be  found  very  valuable  when  making  changes  as  described  below. 

Chang'es. 

In  a  shop  which  is  alive,  the  product  is  in  a  constant  process  of  im- 
provement, 80  it  is  necessary  to  make  a  full  provision  for  this  state  of 
affairs  in  a  good  drafting-room  system.  In  the  first  place,  the  men  in 
the  shop  should  on  no  condition  be  allowed  to  make  an  erasure  or 
addition  of  any  kind  to  the  shop  prints  and  drawings.  If  an  error  is 
discovered  or  an  improvement  found  advisable,  let  it  be  reported  at 
once  to  the  draftsman,  who  should  stand  ready  to  make  any  needed 
change  with  promptness  and  good  grace.  In  general  practice,  however, 
it  will  be  found  best,  from  the  drafting  room  standpoint  and  that  of 
cheapness  of  production  as  well,  to  delay  radical  changes  until  a  new 
lot  is  begun.  In  some  places  the  foremen  and  other*  prominent  men 
are  furnished  with  stub  books  in  which  they  write  suggestions  for 
the  improvement  of  the  different  lines  of  machinery.  The  leaf  Is  filled 
out  in  duplicate  with  the  stub,  and  sent  to  the  drafting  room,  where 
it  is  considered  either  immediately  or  when  a  new  lot  is  ordered, 
according  to  the  urgency  of  the  case.  This  scheme  gives  the  draftsman 
the  advantage  of  having  all  the  suggestions  in  a  tangible  form,  for 
ready  reference,  and  also  gives  the  credit  to  the  men  who  hold  the 
duplicate  stubs. 

In  the  same  manner  as  was  done  when  checking.  It  will  be  found 
advisable  to  make  out  a  list  of  everything  which  might  require  atten- 
tion In  making  alterations  of  any  kind.  The  following  table  would 
cover  about  everything.  This  ought  also  to  be  printed  and  nailed  on 
the  wall  in  plain  sight  of  the  draftsman: 

1.  Detail  tracings. 

2.  Assembly  tracings. 

3.  List  tracings. 

4.  All  prints  (detail,  assembly  and  lists). 

5.  Patterns. 

6.  Special  tools. 

7.  Record  of  changes. 

In  making  a  change,  if  it  is  at  all  elaborate,  it  is  safest  to  sketch 
it  out  on  detail  paper  before  making  changes  on  the  tracing.  In  eras- 
ing tracings,  use  any  smooth  sand  eraser  which  has  been  approved  by 
experience,  and  place  under  the  part  being  treated  a  sheet  of  some 
smooth  hard  substance  like  celluloid,  sheet  metal,  or  a  round-edged 
piece  of  glass.  This  will  remove  the  ink  without  giving  the  rubber  a 
chance  to  deeply  abrade  the  cloth  itself.  Cases  sometimes  occur  In 
which  a  comparatively  simple  change,  like  shortening  the  over-all 
length  of  a  complicated  casting,  would  entail  a  considerable  amount  of 
labor.  To  avoid  this,  the  dimensions  only  may  be  changed,  and  then 
a  small  heavy  circle  drawn  around  the  dimension.  If  on  a  paper 
drawing,  draw  the  circle  with  red  ink;  If  on  a  tracing,  use  black  ink. 
This  gives  notice  to  whomsoever  it  may  concern  that  the  dimensions 
are  out  of  scale,  so  that  the  drawing  will  not  measure  correctly.   Where 
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the  change  Is  one  of  1-32  inch  or  less,  it  is  not  advisable  to  alter  the 
lines  of  the  detail  or  circle  the  figures. 

The  assembled  drawings  should  be  kept  up  to  date  if  they  are  to 
serve  any  purpose,  at  all.  In  some  cases  it  might  be  permissible  to 
introduce  circled  dimensions  on  these  tracings  as  well,  where  an  other- 
wise small  change  would  require  much  erasing.  The  lists  also  must 
be  corrected,  of  course. 

There  are  two  ways  of  changing  the  blueprints,  where  the  change  is 
so  small  as  to  make  a  new  print  inadvisable.  One  way  is  to  use  the 
"soda  solution"  which  acts  chemically  on  the  paper  itself.  This  gives 
the  most. permanent  results,  but  requires  some  skill  in  handling,  as 
the  lines  do  not  appear  until  some  time  after  the  liquid  has  been 
applied.  Chinese  white,  ground  in  water,  can  be  used  like  ink,  and 
easily  removed  when  desired — so  easily,  in  fact,  that  it  is  best  to  shel- 
lac the  changed  portion  of  the  print  to  preserve  the  lines.  With 
either  method  it  is  best  to  draw  in  the  new  lines  first,  and  then  ob- 
literate the  old  ones  with  a  blue  pencil,  this  being  the  only  known 
method  of  erasing  on  a  blueprint.  Be  sure  that  every  print  of  each 
tracing  is  changed — the  list  of  prints  charged  should  take  care  of  this. 
If  new  copies  of  a  print  are  required  on  a  change,  destroy  the  old  ones; 
do  not  leave  them  lying  around,  to  cause  trouble. 

Patterns  and  special  tools  must  be  looked  up  for  each  individual 
case,  and  duplicate  written  orders  made  out  for  changes,  one  to  go  to 
the  toolmaker  or  patternmaker,  and  the  other  to  be  kept  in  the  office 
as  a  record  until  the  work  is  reported  finished. 

Referring  again  to  Fig.  2,  there  is  shown  at  the  right  of  the  title  a 
column  headed  "Changes."  After  each  change  is  completed  and 
checked  up,  the  person  making  the  change  should  enter  here  his  initials 
and  the  date,  in  small  legible  characters.  A  "Record  of  Changes"  book 
should  be  kept.  Under  the  date  signed  in  the  "Changes"  column  there 
should  be  entered  a  brief  description  of  the  alterations,  giving  exact 
dimensions,  and  perhaps  the  reason  for  them  as  well.  A  separate  book 
should  be  kept  for  each  line  of  machines  manufactured.  By  comparing 
the  last  change  date  on  a  print  with  that  on  the  tracing,  it  can  imme- 
diately be  determined  whether  or  not  the  print  is  up  to  date.  By  refer- 
ring to  the  given  date  in  the  "Record  of  Changes,"  the  exact  scope  of 
the  alteration  can  be  found  at  any  time.  This  will  be  found  a  great 
convenience. 

In  cases  where  an  error  has  been  made  in  the  shop  on  a  machine, 
and  a  deviation  from  the  drawings  in  that  particular  case  will  save 
a  large  amount  of  costly  labor  and  material,  such  change  may  be  made; 
but  it  must  be  recorded,  for  convenience  in  making  future  repairs  and 
attachments.  It  is  the  proper  thing  to  number  the  machines  of  a 
given  kind  and  size  serially,  beginning,  for  instance,  by  numbering  the 
first  20-lnch  lathe  built.  No.  1,  the  next  one  No.  2,  and  the  one  hundred 
and  seventy-eighth  one  No.  178,  and  so  on,  as  long  as  the  machines  are 
built.  This  number  should  be  stamped  in  a  prominent  place,  and  at- 
tention called  to  it  in  the  catalogues  and  other  printed  matter  of  the 
firm.    A  book   for  a   "Record  of  Machines   Shipped"   should  be  kept. 
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with  a  page  for  each  Individual  machine.  This  page  is  numbered  with 
the  tool's  serial  number,  and  contains  name  of  person  or  firm  to  whom 
the  machine  was  sold,  a  record  of  the  inspector's  tests,  a  description  of 
any  change  from  the  standard  drawings  used  on  other  machines  in  the 
same  lot,  and  a  record  of  all  attachments  furnished,  repair  parts  sent, 
complaints  from  user,  etc.  It  is  easy  to  see  the  value  of  such  a  record 
as  this  in  furnishing  new  parts,  remedying  defects,  and  estimating  the 
values  of  various  designs. 

After  each  lot  of  machines  has  been  approved  ready  to  ship,  all  the 
prints — detail,  assembly,  and  lists — should  be  returned  to  the  office.  A 
complete  set  should  be  taken  from  them  and  the  duplicates .  destroyed. 
File  this  set  of  blueprints  away  in  a  folio  the  size  of  the  "H"  sheet, 
doubling  the  "D"  size  to  do  this.  As  far  as  the  work  done  in  the 
home  shop  is  concerned,  this,  with  the  office  book,  will  furnish  a  record 
of  each  individual  machine  for  all  time,  no  matter  whether  it  goes  to 
Klondyke,  or  stays  In  the  town  where  it  was  made.  These  folios  should 
be  kept  indefinitely. 

It  is  not  feasible  to  try  to  make  the  tool  drawings  of  Jigs,  special 
cutters,  etc.,  on  full-size  sheet,  even  though  divided,  as  the  standard 
parts  are.  These  should  be  made  on  a  suitable  standard  size  of  a  good 
grade  of  detail  paper  in  a  quick,  sketchy  way,  shellaced,  and  sent  into 
the  shop.  Number  these  drawings  with  the  symbol  and  part  number 
of  the  detail  for  whose  manufacture  they  are  used,  adding  a  serial  num- 
ber as  well.  This  serial  numbering  is  common  to  all  tools  made,  no 
matter  for  what  purpose,  and  is  to  be  given  them  in  the  order  the  draw- 
ings come  from  the  office.  Thus  if  L  22-75  is  the  part  number  for  the 
spindle  of  the  No.  4  vertical  miller,  the  finishing  taper  reamer  for 
the  hole  in  the  same  might  be  numbered  L  22-75-193.  If  A-4-267  is  the 
index  worm-wheel  for  the  No.  4  universal  miller,  and  the  next  tool 
drawing  made  is  a  hob  for  same,  it  would  be  numbered  A  4-267-194. 
These  numbers  should  be  stamped  or  etched  on  the  different  tools  as 
soon  as  they  are  made. 

A  book  should  be  ruled  up  for  a  "List  of  Tools."  A  sample  page 
heading  is  shown  for  this  in  Fig.  7.  The  tools  are  entered  serially  as 
fast  as  drawn.  The  first  column  gives  the  date  when  drawn,  the  main 
part  of  the  page,  the  description.  Next  is  a  space  for  a  list  of  parts 
for  which  this  tool  is  used  other  than  the  one  it  was  made  for.  As 
changes  are  made,  old  numbers  are  crossed  off  from  here  and  new  ones 
added,  so  plenty  of  space  must  be  allowed.  For  convenience  in  finding 
the  drawing,  the  last  column  gives  the  standard  size  of  sheet  on  which 
the  tool  was  drawn.  It  will  be  noted  that  one  tool  is  marked  "None." 
This  tool  was  made  in  the  shop  off-hand,  without  any  drawing  to  go 
by,  but  it  was  entered  on  the  list,  and  its  tool  number  marked  on  It,  to 
give  it  a  local  habitation  and  a  name.  These  tool  and  jig  sheets 
should  be  filed  in  a  drawer  of  their  own,  divided  into  compartments  of 
suitable  size,  and  all  arranged  with  serial  numbers  in  order,  the  lowest 
at  the  bottom.  The  jigs  and  tools  themselves  are  best  arranged  with 
the  serial  numbers  in  order,  since  this  will  avoid  constant  rearranging 
as  the  stock  increases.    To  find  them  readily,  an  index  list  should  be . 
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t>rei>ared,  giylng  the  standard  machine  parts  in  numerical  order,  and 
listing  under  each  one  all  the  special  tools  used  in  its  production, 
whether  those  tools  were  originally  used  for  it  or  not.  Of  course 
much  of  this  system  of  keeping  track  of  special  tools  is  required  only 
in  shops  where  they  are  used  in  large  numbers,  but  that  may  be  taken 
for  granted,  if  the  concern  is  in  earnest  about  doing  a  profitable  busi- 
ness on  a  large  scale. 

In  cases  of  special  machines  or  outside  work  of  any  kind,  which  does 
not  come  under  the  head  of  standard  product,  the  same  system  may 
be  followed  as  a  whole,  with  the  exception  of  the  symbol  for  the  ma- 
chine, which  should  be  given  a  serial  number  instead  of  the  letter  and 
size  number  of  the  regular  product.  A  record  of  these  serial  numbers 
should  be  kept  in  the  office,  and  the  drawings  filed  away.  If  the  job  is 
important.  In  the  same  manner  as  the  standard  blueprints.  Attach- 
ments to  regular  machines,  made  up  separately,  may  follow  the  entire 
system  for  standard  parts.  The  symbol  describing  them  may  be 
formed  by  adding  a  letter  to  the  symbol  letter  of  the  machine.    Thus 


Date 

Tool  No. 

Name. 

Used  also  for. 

Sheet. 

2  17- 04. 

HI4-T6-276 

.498'<Rcu,  (Xjux/nxtA.  ^ 

(H7-9e)(t<h72jaU-472) 

Non€' 

4ujA4/ng.Jic^j^*n<lb:p,KfiluU 

2-17-04 

62-  20-277 

Ji4-  /oV  4uAKf/rui,  .Ao(u^ 

D 

■ctv  cftiuxv  <S5fl%/. 

2-/8-04 

B2-?$-ZT& 

S^U/rv^  (RoA,  lev  ^SujA*^^ 

(02-49)  (H6  8V  (LI7-24J 

L 

'TLcCbdy  ^</yi>  jO'^^dAy  (B/rO 

2-70-04. 

L/7490-279 

(^/u^fvo.  OlouA^  yikutttA/ 

0.20  430^    (LZ4-4ao) 

P 

^^ZupLOoucA. 

NACMtNtKY  'N  Y. 

Flff .  7.    List  of  Tools. 

AA-3  would  be  "Vertical  Milling  Attachment  for  No.  3  Universal 
Miller";  BD-4  would  be  "Rack  Cutting  Attachment  for  No.  4  Plain 
Miller,"  etc. 

In  place  of  the  record  books  suggested,  it  might  be  better  to  use 
loose  leaves,  with  punched  holes,  and  held  in  suitable  binders.  These 
leaves  could  then  have  proper  entries  made  on  them  in  the  typewriter, 
and  thus  save  hand  work.  It  will  be  noted  that  in  no  case  are  there 
any  forms  used  In  such  numbers  as  to  require  the*  use  of  printed  mat- 
ter, so  the  initial  expense  is  small.  Printed  forms,  index  systems,  etc., 
may  be  evolved  as  the  shop  grows. 

In  reeapitulation,  a  drawing  office  managed  in  some  such  way  as 
this  will  give  the  firm  the  benefit  of  the  following  advantages: 

Ck>mplete  tracings  and  blueprints,  easily  filed  and  indexed,  and  made 
in  such  a  way  as  to  give  the  fullest,  clearest  information  possible  to 
the  workman. 

Complete  list  of  parts  as  a  convenience  in  tracing  the  progress  of  the 
work  and  keeping  up  the  supply  of  raw  material. 
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Complete  list  of  all  stock  parts,  for  the  benefit  of  the  assembling 
foreman  and  the  stock-keeper. 

A  list  of  all  tools  used  for  any  given  part,  and  ready  means  for  find- 
ing the  same,  also  means  for  ordering  duplicate  tools  by  number  from 
the  original  drawings. 

Means  for  making  all  changes  entailed  by  changes  in  the  product 
in  a  simple,  comprehensive  way,  and  for  making  a  permanent  record 
of  same. 

A  record  of  the  suggestions  made,  in  the  shop  and  office,  for  the 
drafting  room  in  making  changes,  and  for  the  firm  in  determining  the 
relative  value  of  their  employes. 

A  full  individual  history,  by  means  of  the  office  record  and  the  filed 
prints,  of  each  machine  built,  useful  in  many  obvious  ways. 

There  are  many  men  to  whom  the  suggestions  given  above  will 
seem  the  veritable  A  B  C  of  the  business;  on  the  other  hand,  there  are 
dozens  of  places  where  the  suggestion  of  doing  things  in  some  such 
way  as  this  would  be  considered  a  dangerous  and  revolutionary  propo- 
sition. But  practically  all  the  work  covered  by  a  good  system  has  to  be 
done  by  someone,  some  time,  and  if  it  is  not  done  decently  and  in 
order,  it  will  be  done  in  vexation  of  spirit,  and  with  waste  of  time  and 
money. 
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TRACING,  LETTERING  AND  MOUNTING. 

While  the  previous  chapter  has  dealt  with  the  system  of  the  drafting- 
room  in  its  relation  to  the  shop,  and  outlined  its  functions  in  a  general, 
although  comprehensive,  manner,  the  present  chapter  is  intended  to 
deal  with  the  small  details  of  performing  the  work  in  the  drafting- 
room,  at  the  same  time  as  many  valuable  hints  are  included  with  spe- 
cial reference  to  the  young  draftsman.  In  fact,  the  present  chapter 
has,  in  particular,  been  addressed  to  the  beginner,  although  it  has 
general  application. 

At  the  commencement  of  a  drawing-olflce  career  only  a  few  tools 
may  be  purchased,  adding  others  as  they  are  needed.  Careful  selection 
is  necessary,  and  good  instruments  pay  for  themselves  in  the  end.  A 
set  of  drawing  instruments  comprising  a  straight  pen  or  two — one  for 
black  and  one  for  red  ink — a  spring-bow  pen,  bow  pencil,  and  dividers, 
a  six-inch  compass  with  fixed  needle-points  and  Interchangeable  pen, 
pencil,  and  lengthening  bar,  will  suffice.  T-square,  triangles,  pencils, 
rubbers,  erasers,  and  pens  ar§  usually  provided  by  the  office.  Each 
man  should  keep  his  own  instruments,  and  have  a  private  mark  on 
his  triangles,  scales  and  T-square  for  identification  in  case  they  be- 
come exchanged. 

Small  Instruments  should  be  put  away  each  night,  as  in  cleaning  up 
the  office  they  are  easily  lost.  A  drawer  or  cupboard  with  trays  or 
boxes  for  the  various  tools  is  very  necessary  for  the  draftsman.  A 
large  clean  rag  duster  or  brush  to  wipe  the  board  and  T-square  occa- 
sionally should  be  provided,  as  the  least  particle  of  dust  getting  into 
the  pen  will  clog  the  ink,  causing  a  poor  line  to  be  drawn.  In  case 
the  eraser  must  be  used  (a  thing  to  avoid  as  much  as  possible)  rub 
a  little  French  chalk  or  soapstone  well  into  the  part  erased.  A  little 
of  this  prepared  chalk  should  always  be  kept  on  hand;  it  can  be  pro- 
cured from  any  artists'  material  store.  A  piece  of  rag,  cheesecloth 
or  chamois  skin  hung  by  a  thumb-tack  at  the  end  of  the  drawing  board 
comes  in  handy  for  wiping  the  pens.  A  sand-paper  pencil  sharpener 
and  an  oil  stone  completes  the  list. 

Inks. 

Too  much  cannot  be  said  about  the  inks  used,  as  I  believe  to  a  cer- 
tain extent  a  great  many  bad  tracings  can  be  laid  to  the  bad  quality 
of  ink  used  in  the  various  drawing  offices  visted  by  the  author,  in  this 
country  and  abroad. 

Good  ink  is  indispensable,  and  no  one  should  attempt  to  make  a 
tracing  until  he  has  It.  Some  offices,  to  save  (?)  expense,  resort  to 
many  ingenious  ways  of  making  ink  by  wholesale.  A  large  bottle 
with  a  ground-glass  stopper   is  provided.    A  quantity  of  broken  ink 
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(which  can  be  purchased  by  the  pound  and  much  cheaper  than  buying 
by  the  stick  or  cake)  is  put  into  the  bottle;  a  quart  or  so  of  ammonia 
is  then  poured  over  the  ink.  The  bottle  is  then  put  in  a  warm  place, 
shaken  every  now  and  then  until  the  ink  is  dissolved,  or  partly  so  (the 
letter  usually  being  the  case)  when  it  is  supposed  to  be  ready  for  use. 
This  is  the  cheapest  and  worst  way  of  making  ink.  Some  drawing 
offices  buy  the  ink  ready  mixed,  put  up  in  pint  or  quart  bottles.  For 
shop  tracings,  either  of  these  methods  may  be  resorted  to.  But  for 
neat  work  it  is  almost  impossible  to  get  along  with  either;  the  only 
way  is  to  mix  the  ink  fresh  each  morning,  washing  out  the  pallet 
every  day.  When  purchasing  the  ink  stick,  the  very  best  should  be 
bought;  it  can  be  recognized  by  a  pleasant  odor  which  cannot  be  mis- 
taken and  is  perceptible  when  grinding  it  in  the  saucer.  The  saucer, 
or  pallet,  should  be  spotlessly  clean,  and  the  water  clear.  Do  not 
use  too  much  water  at  first;  more  can  be  added  as  the  ink  is  mixed. 
A  little  vinegar  in  the  ink  will  keep  away  the  flies.  In  many  offices 
in  warm  climates  they  are  a  great  nuisance;  the  writer  has  seen  whole 
views  completely  eaten  away  by  these  pests  in  a  very  short  time. 
Commence  by  rubbing  a  little  Prussian  blue  in  the  saucer;  this  is  not 
absolutely  necessary,  but  it  improves  the  ink  somewhat  and  helps  to 
thicken  it  quicker.  Saucers  made  of  slate  with  ground-glass  covers 
are  the  best.  The  ink  stick  should  be  held  firmly,  but  do  not  bear  too 
hard  upon  it  while  grinding,  or  else,  when  mixed,  the  ink  will  be  gritty. 
Grind  until  the  bottom  of  the  saucer  cannot  be  seen  wnen  blowing 
down  into  the  ink;  this  is  a  good  test,  and  one  can  also  see  if  the  ink 
looks  gritty.  Try  it  on  the  edge  of  the  tracing  cloth  or  paper  to  see 
if  it  gives  a  clear  black  line.  The  cover  should  always  be  kept  over 
the  ink  to  keep  it  from  evaporating  and  free  from  dust.  In  cold 
weather,  if  the  ink  should  thicken,  hold  it  before  the  fire  or  heater, 
when  it  will  run  easily  and  will  not  clog  the  pen. 

Ordinary  scarlet  ink  is  used  by  some  draftsmen  for  making  red  lines, 
although  it  is  much  better  to  use  a  mixed  ink  of  crimson  lake  color, 
adding  a  little  ox-gall  to  make  it  run.  The  prepared  ox-gall  in  tiny 
Jars  can  be  procured  from  artists'  material  stores.  In  the  absence  of 
this  a  little  soap  rubbed  into  the  color  will  answer  the  purpose.  Bi- 
chromate of  potash  dissolved  in  the  water  before  mixing  the  ink  will 
help  to  keep  away  flies. 

It  sometimes  happens  that  draftsmen  are  troubled  with  sweaty  hands 
which  mark  the  tracing  as  the  work  proceeds.  This  can  be  avoided 
by  putting  half  a  teaspoonful  of  ammonia  in  the  water  used  for  wash- 
ing the  hands.  ^^^^^^  ^^  ^^^  instruments. 

As  the  pens  are  constantly  used  they  will  become  blunt,  which  can 
be  seen  by  holding  them  ^gainst  the  light  and  looking  down  upon  the 
nibs.  Every  draftsman  should  be  able  to  set  his  own  instruments. 
There  should  be  an  oil-stone  in  every  office  for  this  purpose.  Let  it 
lie  flat  on  the  window  sill  or  a  table  near  to  the  light.  Screw  up  the 
nibs  tight,  and  holding  the  pen  in  an  upright  position  between  the 
finger  and  thumb,  as  shown  in  Fig.  8,  move  it  backward  and  forward 
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along  the  stone  as  indicated  by  the  arrows,  tilting  it  from  side  to  side 
as  shown  by  the  dotted  lines. 

In  this  way  a  round  and  even  surface  Is  given  to  the  nibs.  They 
will  be  of  the  same  length  and  true  with  each  other.  Now,  holding 
the  pen  In  a  slanting  position  of  about  30  degrees,  rub  the  nibs  upon 
the  -stone  In  a  circular  direction,  as  indicated  in  Fig.  9,  rolling  the  pen 
as  It  were  between  the  thumb  and  finger,  turning  it  over  and  grinding 
both  nibs  alike.  Hold  the  pen  to  the  light  occasionally  to  see  if  the 
nibs  are  level,  and  look  down  up  on  the  points  to  see  If  the  flat  sur- 
faces have  been  taken  out.  If  sharpened  correctly,  one  will  not  be  able 
to  see  anything,  the  same  as  when  looking  down  upon  the  edge  of  a 
razor. 

The  thumbscrew  must  now  be  taken  out  and  the  inside  edge  of 
the  pen  be  rubbed  across  the  oil  stone  several  times.  Thoroughly 
clean  the  pen  from  any  grit  or  oil  and  try  It  upon  the  edge  of  the 
tracing.    If  too  sharp,  it  will  have  a  tendency  to  run  away  from  the 
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Fls>i.  8  and  9.    Truing  the  Point  of  ihe  P«>n. 

T-square  or  straightedge,  in  which  case  It  should  be  rubbed  on  the 
stone  again,  as  in  Fig.  8,  though  with  care,  as  all  pens  should  be  fairly 
sharp.  The  bow  pen  Is  trued  up  in  the  same  way,  with  the  exception 
that  a  thin  slip  of  stone  is  passed  between  the  nibs  to  take  off  any 
rough  parts,  as  the  nibs  of  the  bow  pen  do  not  hinge;  and  when 
straight  pens  are  made  in  the  same  way,  they  should  also  be  treated  in 
the  same  manner.  All  instruments  should  have  the  best  of  care.  When 
not  In  use  for  some  time  they  should  be  kept  clean  and  free  from  rust 
by  wiping  them  on  a  piece  of  chamois  leather  greased  with  vaseline. 

Tracing  Paper. 
Tracing  paper  is  much  used  in  architects'  ofQces  and  occasionally 
by  engineers  for  pencil  sketching.    When  it  is  used  for  permanent 
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work,  the  best  quality  should  be  had.  But  although  It  Is  possible  to 
purchase  paper  capable  of  standing  fairly  rough  usage,  It  is  by  no 
means  as  good  as  cloth. 

A  narrow  strip  of  tracing  cloth  tacked  along  the  lower  edge  protects 
the  paper  from  being  torn  while  leaning  over  the  board.  Either  thumb- 
tacks, copper  tacks,  or  small  carpet  tacks  may  be  used  to  hold 
down  the  paper;  a  small  magnetized  hammer  can  be  used  for  the  lat- 
ter, picking  the  tacks  up  very  quickly,  so  that  which  ever  plan,  it  takes 
about  the  same  time.  In  case  the  tracing  will  be  worked  on  for  some 
time,  or  if  there  is  any  coloring  to  be  done,  the  paper  must  be  mounted 
on  the  board  as  described  later. 

Tracingr  Cloth. 
For  permanent  work  tracing  cloth  should  by  all  means  be  used. 
Cloth  is  either  glazed  or  unglazed,  the  foreign  make  being  by  far 
the  best.  With  proper  care  a  tracing  may  be  taken  up  when  complete, 
as  clean  as  when  cut  from  the  roll.  All  shop  or  working  tracings 
should  be  made  on  the  unglazed  or  dull  side  of  the  cloth,  as  this  side 
will  take  pencil  lines  nicely,  and  when  erasing  has  to  be  done  it  will 
not  mar  the  surface  so  perceptibly.  But  for  show  or  estimate  tracings, 
where  much  finer  and  neater  work  is  required,  the  glazed  side  must 
be  used.  The  lines  will  be  sharper,  and  the  work  will  stand  out  much 
better.  In  either  case  the  cloth  should  be  laid  down  in  the  same  man- 
ner as  the  paper.  It  should  then  be  rubbed  down  with  pulverized 
chalk. 

Ijaylnsr  Down  the  Tracing. 

The  drawing  to  be  traced  is  squared  up  with  the  board  and  wiped 
down  with  a  dry  cloth  or  duster.  The  roll  of  tracing  cloth  is  run 
down  the  board  and  cut  off  to  correct  size.  The  edges  at  either  side 
are  then  torn  off  quickly  and  the  cloth  is  laid  dawn  correct  side  up. 
A  tack  is  put  In  the  center  of  the  top  edge;  the  flat  of  the  hand  is 
drawn  firmly  but  gently  down  to  an  opposite  point  at  the  lower  edge, 
the  fingers  spread  apart,  while  another  tack  driven  between  them 
holds  that  edge.  Run  the  flat  of  the  hand  gently  to  the  one  side, 
driving  in  a  tack;  then  to  the  opposite,  stretching  it  well  and  securing 
it  by  another  tack.  The  four  corners  and  all  intermediate  spaces  are 
then  held  down  in  the  same  manner. 

With  a  dry  rag  or  piece  of  chamois  skin  rub  some  pulverized  chalk 
(or  chalk  scraped  from  the  stick)  all  over  the  tracing  cloth,  dusting  it 
off  with  a  dry  rag  or  brush.  This  will  cause  the  pen  to  bite  much 
better,  especially  in  the  case  of  show  tracings  where  the  glazed  side 
is  used.  Some  draftsmen  use  a  little  ox-gall  in  their  ink  for  this 
purpose,  but  unless  the  exact  quantity  is  used,  the  ink  will  be  very  sen- 
sitive. 

Tracing. 

Everything  is  now  ready  for  tracing.  Try  to  understand  the  work 
asL  you  proceed.  If  the  job  is  likely  to  last  long,  work  on  one  view 
and  complete  it,  as  sometimes  the  temperature  of  a  room  will  change 
over  night,  causing  the  cloth  to  become  quite  flabby,  and  although  it 
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may  be  stretched  again  by  holding  it  near  the  radiator  or  in  the  sun, 
yet  it  very  seldom  goes  back  to  its  correct  position.  But  when  mak- 
ing a  smaller  tracing  which  can  be  completed  in  a  day,  put  in  all  the 
black  lines  first,  the  red  or  bJlue  lines  next  (when  making  show  trac- 
ings), the  printing  or  lettering  next,  and  finally  the  border  and  cut- 
tlng-ofl  lines.  Although  as  a  rule  red  and  blue  lines  are  put  in  last, 
yet  there  are  a  few  exceptions,  as,  for  instance,  when  tracing  a  number 
of  bolt  or  rivet  heads  in  bridge  or  girder  work;  if  a  red  line  is  run 
right  through  the  heads,  it  will  be  easier  to  get  them  all  exactly  true 
and  in  line;  otherwise  they  are  apt  to  be  put  in  a  very  zig-zag  way. 


Plffs.  lO,  11  and  la.    Horn  Center,  and  Bxamples  of  Bhadlnff. 

If  the  drawing  is  crowded,  the  best  plan  is  to  stick  to  the  rule  and 
put  red  lines  in  last,  as  otherwise  they  will  make  the  drawing  hard  to 
read  by  covering  up  work  not  yet  traced.  As  a  general  rule,  com- 
mence with  the  circles  and  curves  first,  joining  the  straight  lines  onto 
the  curves,  and  not  vice  versa.  When  a  number  of  circles  and  curves 
are  struck  from  the  same  center,  always  commence  with  the  smallest 
or  inner  one  first,  while  the  center  is  good. 

Sometimes  a  horn  center,  shown  in  Fig.  10,  is  used  to  protect  centers 
from  which  a  number  of  curves  or  circles  are  struck,  as  in  gear  wheels, 
for  instance.  These  horn  centers  are  circular  pieces  of  horn  with 
three  needle  points.  Some  draftsmen  glue  a  small  piece  of  hard  wood 
or  horn  over  the  centers.  The  pens  should  be  tried  upon  the  edge  of 
the  tracing  to  see  what  thickness  of  line  they  make,  and  when  once 
set  they  should  not  be  moved;  for  this  reason  some  pens  have  small 
lock  nuts  on  the  thumbscrews.  They  should  be  wiped  and  the  ink  put 
in  without  again  adjusting  the  screw.    This  particularly  applies  when 
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maklDg  heavy  lines.  In  this  way  all  lines  will  he  of  the  proper  thick- 
ness. The  pens  can  he  filled  with  an  ordinary  writing  pen  or  dipped 
in  the  Ink  sideways. 

Workin8>  Tracing's. 

Working  tracings  or  shop  tracings  are  usually  made  a  little  heavier 
than  others.  The  lines  should  he  all  of  the  same  thickness.  No  red 
or  hlue  lines  need  be  used,  hut  all  black,  and  although  the  tracings 
should  be  neat,  especial  care  being  given  to  the  figures  and  dimension 
lines,  yet  such  care  need  not  be  taken  as  when  making  a  show  or  esti- 
mate tracing.  The  figures  should  be  plain  and  simple  and  might  be 
made  a  little  large.  The  arrow  points  should  be  true  and  go  exactly  to 
their  intended  position.  The  figures  should  be  checked  before  hand- 
ing in  the  tracing  so  that  as  few  mistakes  as  possible  will  come  back 
to  the  tracer. 

Show  Tracings. 

Estimate  or  show  tracings  should  have  a  little  more  time  expended 
upon  them.  The  lines  need  not  be  so  heavy  and  as  a  general  rule  are 
shaded,  i.  e.,  the  lines  furthest  from  the  light,  which  Is  supposed  to 
come  from  the  top  left-hand  comer,  should  be  heavier  than  the  others; 
this  is  clearly  shown  in  Fig.  12.  Shade  lines  can  be  made  by  going 
over  the  lines  again  or  adjusting  the  screw  of  the  pen,  causing  the  Ink 
to  make  a  heavier  line.  When  dark-lining  a  circle  the  radius  Is  kept, 
but  the  center  changed  slightly,  as  shown  in  Fig.  11;  or  the  same 
center  and  radius  may  be  kept,  going  over  the  dark  or  shaded  side 
several  times  with  the  pen. 

The  letters,  figures  and  dimension  lines  should  be  made  neatly,  the 
arrow  points  evenly  made.  Some  draftsmen  put  in  the  arrow  heads 
with  their  spring  bow  pen,  and  since  they  can  be  put  in  just  as  quickly 
this  way  and  look  much  neater  it  would  be  well  to  practice  this 
method.  Dotted  lines  should  be  finer  than  full  ones.  The  dots  and 
spaces  should  be  made  the  same  length — about  one-thirty-second  to 
one-sixteenth  inch  in  lenfth.  In  shading  rivet  heads  sometimes  a 
small  half  circle  is  made  inside  the  first,  as  shown  in  Fig.  12.  It 
should  be  heavier  than  the  outline  of  the  rivet  head. 

The  heading  or  title  should  be  neat  and  attractive  and  a  fancy 
border  line  might  be  made.  All  notes  or  stray  words  should  have  a 
neat  red  line  drawn  under  them.  Bolt  heads  should  be  neatly^  made 
and  all  small  work  carefully  executed.  Threads  of  bolts  should  be 
parallel  and  equally  spaced,  and  may  be  accurately  drawn  or  indicated, 
as  shown  in  Fig.  13,  c,  d  and  e.  Dotted  work  can  be  shown  to  ad- 
vantage if  the  dqts  forming  the  apex  and  root  of  the  threads  are 
united,  as  shown  at  e.  These  may  seem  trifles,  but  they  all  tend  to 
make  a  neat  tracing. 

Holding  the  iHstrumente. 

The  author  has  been  more  than  surprised  at  the  rough  and  unsteady 
way  which  some  draftsmen  have  of  holding  their  instruments.  The 
bow  pen  should  be  held  lightly  at  the  top  between  the  thumb  and 
first  two  fingers,  resting  the  little  finger  upon  the  tracings  to  steady 
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the  instrument  while  finding  the  position  for  the  point.  This  being 
found,  the  little  finger  should  be  lifted  and  the  bow  pen  cleverly  spun 
between  the  thumb  and  first  finger.  It  is  good  practice  when  at  leisure . 
to  see  how  quickly  one  can  make  a  number  of  small  circles;  in  this 
way  one  will  get  into  the  knack  of  cleverly  spinning  the  bow  pen  as 
described,  instead  of  holding  it  in  an  awkward  manner.  The 
straight  pen  should  be  held  in  a  slightly  inclined  position,  the  thumb- 
screw on  the  side  away  from  the  T-square  or  straightedge,  and  with 
the  second  finger  resting  upon  the  screw  to  adjust  if  necessary. 

Sectioning*. 

Sections  are  shown  in  several  ways.  For  working  tracings  line 
sectioning  is  by  far  the  better.  Plates  and  sections  in  wrought  iron  or 
steel  work  may  be  blackened,  as  shown  in  Fig.  23.  A  narrow  white 
space  should  be  left  between  two  pieces,  as  shown  in  Fig.  21. 

A  pretty  way  of  showing  sections,  especially  in  the  case  of  show 
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Flff.ia.    Screw  Threads  and  Shading. 

tracings,  is  to  represent  the  various  metals,  wood,  etc.,  by  broken  and 
full  lines,  as  shown  in  Fig.  14.  These  conventions  are  in  common  use, 
but  in  case  t|iere  should  be  any  doubt  as  to  whether  they  will  be 
generally  understood  It  would  be  well  to  make  a  small  note  to  one 
side,  naming  the  metal. 

A  neat  little  tool  for  section  lining  is  easily  made  from  a  slip  of 
wood  a  little  thicker  than  the  triangle  or  set  square  used  by  the  drafts- 
man, as  illustrated  in  Fig.  15.  The  notch  cut  in  one  side  is  a  little 
longer  than  the  side  of  the  triangle.  Resting  the  thumb  upon  the 
T-square,  the  first  finger  upon  the  sectioner  and  the  second  finger 
(all  of  the  left  hand)  upon  the  triangle,  they  are  alternately  slipped 
along  each  time  a  line  is  drawn  with  the  pen.  With  a  little  practice, 
sectioning  can  be  done  quicker  than  by  using  a  triangle  and  T-square 
only,  trusting  to  the  eye  for  correct  spacing.  Section  lining  done  this 
way  looks  very  neat  and  even.  Another  section  liner,  shown  in  Fig. 
16,  can  be  made  to  fit  triangles  having  a  recess  in  the  center. 
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Views  in  section  are  sometimes  colored,  generally  on  the  back,  turn- 
ing the  tracing  over  and  tacking  it  down  again;  or,  where  there  is 
much  coloring  to  be  done,  the  tracing  should  be  mounted  as  described 
under  that  head  at  the  end  of  this  chapter;  otherwise  the  color  will 
cause  the  tracing  to  buckle,  giving  it  a  very  untidy  appearance.  Hav- 
ing stretched  the  tracing,  one  may  be  mixing  the  colors  while  It  thor- 
oughly dries.    The  colors  should  be  rather  thin,  and  to  make  them  run 
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FI9.14.    Oro88-SeotloDing.« 

evenly  a  little  prepared  ox-gall  should  be  mixed  in  well  with  them. 
This  should  not  be  omitted,  or  the  colors  will  present  a  very  smudgy 
appearance.  Some  draftsmen  use  a  small  piece  of  soap  in  place  of 
the  ox-gall. 

By  trying  the  colors  upon  a  scrap  piece  of  tracing  cloth  or  paper 
and  turning  it  over,  the  proper  shade  may  be  obtained. 

Following  is  a  list  of  representative  colors  used  in  many  oflBces: 

Cast  iron Payne's  gray. 

Wrought  iron   Prussian  blue. 

Steel    Crimson  lake  and  small  quantity  of  blue. 

•  There  Is  no  universally  adopted  standard  for  cross-sectioning  for  the  purpose 
of  indicating  different  materials.  The  chart  above  does  not  agree  fully  with 
the  charts  given  in  any  of  a  number  of  text-books  on  mechanical  drawing,  but 
as  these  at  the  same  time  do  not  agree  with  one  another,  it  has  been  assumed 
that  the  chart  above  may  represent  as  good  practice  as  some  of  those  in  the 
text-books.  A  chart,  similar  to  this,  but  differing  In  a  few  Instances,  and  more 
extensive,  was  given  in  Machinery's  Data  Sheet  No.  15,  December,  1902.  There 
being  no  recognized  standard,  however,  cross-sectioning  alone  should  never  be 
depended  upon  for  Indicating  materials  to  be  used.  Written  directions  should 
also  be  given,  or  a  small  chart  placed  In  a  corner  of  the  drawing,  indicating 
the  conventions  used  in  designating  the  various  materials. 
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Brass   Yellow. 

Copper    Crimson  lake  and  yellow. 

Brick    Crimson  lake. 

Wood Burnt  sienna. 

Earth   Daubs  of  ink,  Payne's  gray,  etc. 

In  the  absence  of  Payne's  gray,  a  pale  wash  of  India  ink  in  which 
has  been  mixed  a  little  Prussian  blue  ma>^  be  substituted.    Very  neat 
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Flffs.  16  to  20. 

sectioning  can  be  made  with  crayons,  toning  them  down  with  a  soft 

rubber. 

DlmenBlons  and  Center  Lines. 

Working  tracings  should  have  the  dimension  lines,  center  lines  and 
all  lines  black  ink,  the  idea  being  to  make  a  neat,  distinct  tracing  for 
use  only,  whereas  a  show  or  estimate  tracing  should  be  made  with 
greater  care.  It  is  a  well-known  fact  that  many  contracts  have  been 
awarded  on  the  merits  of  a  well-executed  piece  of  work  by  the  drafts- 
man. The  time  and  expense  spent  upon  making  a  neat  show  tracing 
is  never  lost.  Make  the  center  lines  of  red  ink  or  color,  a  fine  long 
dash  and  dot  line;  make  dimension  lines  either  one  continuous  line 
broken  only  where  the  figures  come,  or  a  dash  and  dot  line,  as  in  Fig.  17. 

Border  and  Cuttlngr-off  Lines. 

Simple  as  these  may  seem,  yet  many  well-executed  tracings  have 
been  spoiled  by  either  neglecting  a  border  line  or  making  a  very 
poor  one.  A  one-line  border  is  perhaps  the  best  and  its  thickness 
should  match  the  work  in  hand,  together  with  the  size  of  the  sheet. 
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There  should  be  plenty  of  margin  between  the  border  line  and  the 
work.  A  fancy  border  line,  of  which  a  few  samples  are  given  in  Fig. 
18,  may  be  put  around  estimate  or  show  tracings.  The  cutting-ofl 
line  should  not  be  too  near  the  border  line,  say,  from  %  inch  to  1 
inch.  Nothing  looks  worse  than  to  see  a  good  tracing  spoiled  by  cut- 
ting off  within  a  quarter  of  an  inch  of  the  border  line  (compare  Figs. 
19  and  20).  The  initials  of  the  draftsman  and  date  tracing  was  made 
should  not  be  omitted. 

MlBcellaneous  DirectionB. 

Attention  to  details  is  perhaps  the  true  secret  of  making  a  neat 
tracing.    No  matter  how  trifling  a  detail  may  seem,  it  should  be  made 
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Fig.  25 

FlffB.  21  to  26. 

as  neatly  as  the  rest  of  the  work.  Channels,  angles,  etc.,  in  section, 
should  be  made  accurately,  as  in  Fig.  23.  Do  not  make  them,  as  is  so 
often  done,  like  Fig.  22. 

When  tracing  a  blueprint,  the  tracing  should  be  tacked  down  with  few 
tacks,  as  it  will  have  to  be  lifted  quite  often  to  see  the  work  distinctly; 
in  fact,  in  many  cases  it  would  pay  to  make  a  drawing  from  the  blue- 
print and  trace  it.  Drawings  which  are  faint  or  unfinished  should  by 
all  means  be  made  clear  before  attempting  to  trace  them,  thereby  sav- 
ing much  patience,  but  in  particular  the  eyesight.  In  tracing  from 
another  tracing,  a  clean  sheet  of  white  drawing  paper  underneath  will 
make  it  stand  out  clearly.  If  the  draftsman  understands  what  he  is 
tracing,  the  work  will  be  much  easier  and  he  will  not  be  likely  to 
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make  so  many  mistakes  as  he  would  if  tracing  a  number  of  meaning- 
less lines. 

The  tracing  should  be  wiped  down  occasionally  with  a  clean,  dry 
duster  or  cloth.  Cotton  sleeves  are  sometimes  used  to  protect  the 
coat.  A  sponge-rubber  or  piece  of  bread  may  be  used  to  dean  a  trac- 
ing, but  if  proper  care  has  been  taken,  a  tracing  can  be  taken  up  as 
clean  and  neat  as  when  tacked  down.  A  greased,  soiled  tracing  shows 
a  bad  workman.  In  sdtne  offices  it  is  the  practice  to  sponge  the  trac- 
ings down  with  benzine.  Waterproof  ink  must  be  used  by  all  means 
if  this  plan  is  adopted.  When  the  tracing  is  complete,  the  draftsman 
should  look  over  it  carefully,  trying  to  detect  any  errors,  as  all  such 

POSITION  OF  CYLINDERS. 

STARBOARD    ENGINES. 
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Fiff.  20.   Bzample  of  Iietteiinff  a  Drawiog  Title. 

count  against  him.  The  shop  hands,  as  a  rule,  are  only  too  pleased 
to  point  out  any  trifling  mistake  coming  from  the  drawing  office.  Accu- 
racy, as  well  as  neatness  and  quickness,  is  desirable. 

Letterlngr* 

No  matter  how  neatly  or  carefully  the  working  lines  of  a  tracing 
are  made,  if  the  lettering*  and  figures  are  not  satisfactory,  the  trac- 
ing will  look  poor  in  every  sense  of  the  word.  The  young  draftsman 
should,  therefore,  take  especial  care  to  get  into  a  neat  way  of  letter- 
ing, and  should  devote  a  little  of  his  spare  time  each  day  to  this  end 
if  he  wishes  to  excel  as  a  neat  draftsman.  Neat  letterers  are  in 
'demand  and  are  always  sure  of  a  position.  Many  cases  are  known,  for 
Instance,  where  a  good  letterer  has  been  employed  in  his  spare  time 
to  put  on  the  figures  and  letters  of  other  men's  work,  and  although  a 
poor  tracing  can  be  improved  by  neat  lettering,  to  excel  in  both  should 
be  everyone's  desire. 

A  good  instruction  book  on  this  subject  is  difficult  to  find.  Most 
alphabet  books  are  ridiculous  in  the  extreme;  it  would  take  longer 
to  make  the  letters  they  describe  than  the  whole  tracing.  The  tracings 
would  look  insignificant  in  comparison  with  the  wonderful  lettering. 
The  letters  and  figures  must  conform  to  the  other  work — ^neither 
should  be  more  conspicuous  than  the  other.  For  this  reason  it  is 
preferable  for  each  man  to  complete  his  own  tracing.  It  is  an  easy 
matter  to  tell  who  made  the  various  tracings  in  most  drawing  offices 
by  the  peculiar  characteristics  of  each  draftsman — this  one  by  its 
poor  lettering  or  that  by  a  beautiful  harmony  of  lines,  letters  and 
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figures,  the  whole  standing  out  in  correct  proportion,  fine  lines  having 
small  neat  figuring,  lettering,  and  arrow  points  to  match,  or  heavy 
lines  vice  versa.  Nothing  looks  more  uniform,  neater,  or  is  quicker 
done  than  good,  plain,  one-line  lettering,  even  for  the  titles,  though 
perhaps  a  little  display  may  he  given  to  them. 

A  few  samples  are  here  given.  The  small  letters  are  for  the  general 
working  parts  of  Ihe  tracings,  notes,  etc.  Headings  should  he  a  little 
larger,  and  the  title,  which  will  be  referred  to  later,  should  be  distin- 
guished from  the  rest  of  the  work  by  using  large  letters,  either 
blocked  out,  or  capital  letters  made  with  a  heavier  pen.  Figures  should 
be  made  plain  and  simple,  without  the  use  of  flourish  or  tail-piece. 

crsfractara/  drauahfsmen.  Tfyes/udcnfshoi//d/rac;f/cey/^ssei//7t^ 
heaefy/nf^afrix^f/7deasvmyof/effemp  //e  shoc/Zd /yat:i)'ce/m/r/irro 
f/?eMer:$  /mera/7d.^m//er^^7/7fier^s/kMy/7  gjbo. 
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Flff.  27.    Bxamples  of  Zj«tterinff . 

Fractions  should  be  made  with  one  figure  immediately  over  the  other, 
instead  of  to  one  side.  The  vertical  system  of  figuring  is  preferable 
to  the  slanting,  especially  with  shop  tracings. 

For  lettering,  have  plenty  of  black  ink,  but  not  too  thick.  The  best 
kind  of  pen  points  are  Esterbrook's  No.  333,  or  Gillot's  303  for  fine 
work.  A  heavier  pen  must  be  used  for  titles.  Make  the  letters  and 
figures  with  one  stroke  of  the  pen;  do  not  go  over  them  again,  but 
get  the  required  thickness,  even  with  titles,  by  bearing  on  the  pen 
more.  A  pen  can  be  tempered,  when  new,  by  holding  it  in  the  flame  of 
a  match,  though  pressing  it  on  the  thumbnail  Is  generally  sufficient. 

HeadlngTB  or  Titles. 
The  heading  or  title  should  be  in  a  conspicuous  place,  and  as  far 
from  anything  which  may  tend  to  crowd  it  as  possible.     The  bottom 
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right-hand  comer  of  the  sheet  is  a  good  place.  A  heading  sometimes 
looks  better  without  lines  drawn  underneath,  as  shown  in  Fig.  26. 
This  Is  entirely  optional,  however;  if  lines  are  put  under  they  should 
not  be  too  close  to  the  letters.  Black  letters  are  sometimes  used, 
which  can  be  made  by  drawing  six  pencil  lines  equally  spaced,  as 
shown  in  Fig.  24.  The  T-square  and  triangle  are  used,  and  the  letters 
can  be  made  quite  rapidly.     They  should  afterwards  be  filled  in,  or 

^  dbcdefqhijklmnopqrstuvwxyT, 

ABCDEFGHIJKLMNOPORSTUyPVXYZ, 


ABCDEFGHIJKLNMN 
MOPQRSTUVWXYZ 

ABCDEFGHIJKLMMN 
NOPQRSTUVWXYZ 

abcdefghijklmnopqrstuvwxyz.  \ZZ>A567890, 

Piff.  28.    Alphabets  fbr  Lettorlnff  on  Drawisffs. 

one  edge  of  the  letters  made  heavier,  according  to  the  nature  of  the 
work  in  hand.  Sloping  letters  can  be  made  in  the  same  way  by  using 
an  adjustable-headed  T-square  or  a  special  triangle  made  for  that 
purpose. 

Stencillnir. 

Sometimes  headings,  letters,  figures  and  comer  pieces  are  put  on 
by  means  of  stencil  plates  cut  out  of  tin  or  copper  sheets.  A  stiff, 
short  stencil  brush  is  used.  The  brush  is  moistened  with  water,  not 
using  too  much,  and  is  then  rubbed  along  the  stick  of  ink  until  it 
cannot  absorb  any  more.  Particular  attention  is  called  to  this,  as 
here  is  where  so  many  fail  in  making  clean  and  clear  stencil  work; 
the  brush  should  never  be  dipped  into  a  saucer  of  ink,  or  the  ink 
applied  with  a  pen. 

The  position  for  the  title  having  been  settled,  pencil  lines  should 
be  drawn  on  the  cloth  as  a  guide  for  the  stenciling.  Sometimes  the 
title  or  heading  is  stenciled  upon  a  spare  piece  of  cloth  or  paper 
first,  then  slipped  into  place  under  the  tracing  and  the  stencil  work 
done  over  it.  This  is  a  good  plan,  as  the  correct  position  may  thus  be 
obtained.     If  this  is  not  done,  the  only  way  is  to  make  a  pencil  tick 
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mark  after  each  letter  to  indicate  the  position  of  the  next,  as,  of 
course,  the  stencil  plate  will  hide  all  beneath  it  except  the  letter  being 
stenciled.  Then  the  letters  must  each  be  filled  in,  as  shown  in  the 
first  two  letters  of  Fig.  25. 

Even  when  the  stencil  guide  referred  to  is  made  and  slipped  into 
place  under  the  tracing  cloth,  a  pencil  guide  line  should  be  drawn  and 
all  letters  stenciled  exactly  to  it  The  pencil  lines  and  ticks  are  then 
erased.  If  the  brush  becomes  dry,  it  may  be  moistened  on  the  tongue 
without  again  rubbing  it  on  the  ink  stick.  Draftsmen  sometimes  cut 
■their  own  stencil  plates  out  of  stiff  drawing  paper,  applying  a  coat  of 
varnish  on  the  upper  surface. 

Bound  Writlngr. 

When  referring  to  alphabet  books,  the  writer  should  have  made  one 
exception  at  least,  and  that  is  the  round  writing  system.  It  is  easily 
learned  and  not  soon  forgotten.  Letters  and  figures  of  all  sizes  and 
shapes  ^n  be  made  by  using  different  graded  pens.  Books  of  Instruct 
tion  and  an  assorted  box  of  pens  may  be  had  from  any  stationery  store 
of  importance.    It  Is  known  as  the  Round  Writing  System  of  Lettering. 

MountiniT  Tracing  Paper. 

Tracings  likely  to  be  in  hand  a  long  time  should  be  mounted  to  the 
drawing  board,  for  several  reasons.  They  will  be  protected  from  get- 
ting torn  and  will  not  shift  on  account  of  the  sudden  change  of  tem- 
perature of  the  room  which  may  take  place;  they  can  also  be  cleaned 
more  safely  than  if  held  by  a  few  tacks.  The  paper  should  be  cut  large 
enough  to  allow  for  sticking  the  edges  to  the  board,  and  should  it  be 
intended  to  color  the  tracing  with  liquid  colors,  twice  the  allowance 
should  be  made,  as  the  paper  will  be  cut  after  the  tracing  is  made, 
and  mounted  the  second  time.  The  drawing  to  be  traced  should  be 
laid  down  square  with  the  board,  perfectly  flat  and  level,  then  thor- 
oughly dusted  down  to  remove  all  obstructions,  as  these  cannot  be 
removed  after  the  tracing  paper  is  mounted. 

A  long,  flat  straight-edge  with  a  couple  of  weights  for  each  end  is 
needed.  Having  cut  the  paper,  dampen  it  slightly  with  a  wet  sponge, 
going  over  it  very  evenly  and  working  quickly,  so  that  it  may  be 
attached  to  the  board  before  quite  dry.  The  damp  side  must  be  up. 
The  straight-edge  is  placed  an  inch  outside  of  the  cutting-off  line  and 
the  weights  put  on,  one  at  each  end.  Turn  up  the  edge  of  the  tracing 
paper,  as  shown  in  Fig.  29,  and  apply  the  mucilage  or  paste  brush, 
pressing  the  edge  down  firmly  with  a  straight-edged  ruler  or  paper 
knife.  The  opposite  side  of  the  tracing  paper  is  treated  in  the  same 
way,  and  then  the  two  remaining  sides,  care  being  taken  to  stretch 
the  paper  carefully  by  pulling  the  edge  of  the  paper  gently  with  the 
tips  of  the  fingers,  before  the  weights  are  put  on  the  straight-edge. 
Any  superfluous  water  may  be  removed  with  a  blotter.  The  whole 
operation,  as  before  stated,  should  be  done  very  quickly,  as  in  a  warm 
room  the  paper  soon  dries. 
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Mounting*  Paper  for  Coloring. 

Should  there  be  any  wash  coloring  to  be  done  after  the  tracing  is 
made,  it  is  usually  done  on  the  back.  The  tracing  is  therefore  taken 
up,  cutting  close  to  the  pasted  edge,  so  as  to  leave  as  much  margin  as 
possible  for  the  second  mounting.  The  drawing  paper  is  also  taken 
off  the  board  and  a  clean  white  sheet,  not  so  large,  put  in  place  of  it. 
The  tracing  paper,  being  turned  over,  is  again  mounted  to  the  board 
as  previously  described,  care  being  taken  to  get  no  paste  inside  the 
cutting-off  line,  which  should  have  been  distinctly  marked.  While  the 
paper  is  drying  the  colors  can  be  mixe(l.  Allow  the  coloring  to  thor- 
oughly dry  before  cutting  off  the  tracing,  which  should  be  done  with 
a  sharp  knife,  following  the  cutting-off  line  very  carefully. 

Mounting  Cloth  for  Tracing  or  Coloring. 

The  process  described  above  is  for  paper  tracings  only.  Cloth  can 
be  mounted  in  the  same  way,  except  that  on  no  account  should  a  damp 


Flff.  29.    Mounting  Tracing  Paper. 

sponge  touch  it,  but  it  may  be  stretched  without  damping  it  at  all, 
though  not  so  satisfactorily.  If  the  tracing  cloth  is  put  in  a  cold 
or  slightly  damp  place  over  night  it  can  be  stretched  very  nicely, 
using  a  thin  glue  instead  of  paste.  When  one  edge  is  firmly  fixed,  the 
other  should  be  pulled  very  tight  and  extra  weights  put  on  the  straight- 
edge to  hold  it  in  place  while  applying  the  glue  brush.  Mounting  for 
coloring  is  done  the  same  way,  it  being,  of  course,  understood  that 
the  coloring  Is  done  only  on  the  dull  side  of  the  cloth.  Very  satisfac- 
tory results  can  be  obtained  by  not  mounting  tracing  cloth  at  all,  but 
simply  using  a  number  of  iron  tacks  driven  with  a  magnetized  ham- 
mer, as  elsewhere  described. 

r  Mounting  Blueprints,  Maps,  Etc. 

Blueprints,  maps,  drawings,  old  tracings,  etc.,  are  often  mounted  on 
linen  or  cotton  to  preserve  them.  The  linen  or  cotton  should  be  cut 
larger  by  several  inches  than  the  blueprint,  and  a  drawing  board  about 
the  same  size  used.  Soak  the  linen  well  in  water,  rinsing  it  out 
between  the  hands  until  all  the  superfluous  water  is  squeezed  out, 
when  it  should  be  unfolded  and  shaken  out.  Lay  it  across  the  board 
and  commence  tacking  one  edge,  beginning  at  the  center  and  pulling 
gently;  place  a  tkck  about  every  two  Inches  along  the  edge  of  the 
board,  as  shown  in  Fig.  30.  The  other  half  of  the  same  edge,  must 
be  done  in  the  same  manner.    The  opposite  edge  is  done  next.  stretch- 
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ing  the  linen  well  each  time  before  a  tack  is  driven;  commence  at  the 
middle  as  before  and  work  toward  each  end.  The  two  remaining 
edges  are  done  in  exactly  the  same  manner,  and  all  is  now  ready  for 
the  paste,  which  should  be  prepared  for  use  before  the  linen  is 
stretched.  The  paste  can  be  made  either  of  starch  or  flour.  A  suf- 
ficient quantity  is  mixed  In  cold  water  to  about  the  thickness  of  cream. 
Hot  water  is  then  poured  over  it,  gently  stirring  it  meanwhile;  the 
whole  is  then  put  in  a  saucepan  on  the  fire  and  stirred  until  it  begins 
to  boil  over,  when  it  is  lifted  from  the  fire,  poured  back  again  into 
the  basin,  and  is  ready  for  use.  An  apron  of  some  kind  is  fastened 
around  the  neck,  reaching  to  the  knees,  to  protect  the  clothes  from 
getting  soiled.  Taking  some  of  the  paste  in  the  hand,  slap  it  over  the 
board,  rubbing  it  well  into  the  linen  with  both  hands,  using  more  paste 
if  required,  until  the  whole  surface  is  covered.  Now,  commencing  at 
the  lower  edge  and  at  the  left-hand  end,  holding  the  tips  of  the  fingers 
close  together  push  the  superfluous. paste  along  to  the  center  of  the 
board  as  you  travel  along  from  left  to  right.    Go  to  the  opposite  side 


Flf .  so.    Mountiaff  Blue-prints  and  Maps  on  Zjlnen. 

of  the  board  and  do  the  same  thing,  forming  a  ridge  of  paste  along 
the  middle  of  the  board,  which  is  scraped  off  with  the  hand  into  the 
basin.  With  both-  hands  go  all  over  the  board  again  until  the  paste 
is  nice  and  evenly  spread  all  over  the  linen. 

An  assistant  is  now  required.  The  blueprint  is  dampened  on  the 
back  with  a  sponge  and  placed  gently  in  correct  position  on  the  linen. 
One-half  is  to  be  pasted  at  a  time.  The  assistant  holds  it  up  by  the 
two  corners  at  an  angle  of  about  30  degrees,  while  with  a  large  blotter 
in  one  hand  held  to  the  print  you  rub  gently  but  firmly  over  It,  the 
assistant  letting  the  print  gently  yield  to  the  pressure  you  bring  to 
bear  upon  it.  Passing  over  to  the  other  half,  it  is  lifted  from  the 
board  and  then  treated  in  the  same  way.  Wherever  an  air  bubble 
appears  it  can  be  pricked  with  a  needle,  and  the  blotting  pad  placed 
over  it,  while  with  a  circular  sweep  of  the  other  hand  you  press  it 
firmly  to  the  board.  Should  any  obstruction  unfortunately  have  been 
left  between  the  print  and  the  linen  a  slit  can  be  made  in  the  former 
and  the  obstruction  removed  when  it  is  again  pressed  to  the  board. 

The  whole  should  thoroughly  dry  before  any  attempt  is  made  to 
tear  it  from  the  board.  Often  this  is  not  done  till  the  following  day. 
Cut  through  the  print  and  linen  with  a  sharp  knife  aloog  the  cutting-off 
line  all  around  the  board.  Then,  lifting  the  corner,  pull  gently  but 
firmly   in   a   slanting  direction.    The  tacks   and   trimmings   are   then 
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removed  and  the  board  cleared  away.  The  case,  of  a  blueprint  has 
been  taken.  Maps,  drawings,  etc.,  are  done  in  precisely  the  same 
manner.  Before  the  print  is  taken  up,  a  coat  or  two  of  clear  copal 
varnish  is  sometimes  applied  to  preserve  it  still  more. 

MountinfiT  Paper  on  Drawing*  Board. 

A  quick  and  very  satisfactory  way  of  mounting  drawing  paper  to 
the  board,  instead  of  using  tacks,  is  resorted  to  by  many  draftsmen 
in  the  following  manner:  The  paper  is  laid  flat  on  the  board,  right 
side  up.  A  moderate  sized  sponge  filled  with  water  is  wiped  all  over 
the  surface  of  the  paper  within  an  inch  or  so  of  the  edge  all  around. 
The  superfluous  moisture  is  mopped  up  with  the  sponge,  and  the  edges 
then  dampened.  One  half  of  the  sheet  is  turned  precisely  over  the 
other  half,  edge  for  edge.  With  a  well-filled  mucilage  brush  go  quickly 
around  the  three  edges  of  the  upturned  half  of  sheet,  and  turning  it 
over  again,  press  the  edges  firmly  to  the  board  with  the  thumb  or  a  flat, 
thin  stick.  Turn  the  other  half  of  the  sheet  over  the  first  and  proceed 
in  the  same  way.  When  thoroughly  dry,  the  paper  will  stretch  very 
satisfactorily. 

Still  another  way  of  mounting  paper  is  to  lay  the  sheet  down  lorong 
side  up  and  with  a  small  glue  brush  dipped  in  liquid  glue  go  all 
around  the  edge  of  the  paper  at  once.  Quickly  sponge  all  over  the 
surface  with  plenty  of  water,  keeping  clear  of  the  glued  edge.  Having 
mopped  up  the  superfluous  moisture  with  a  dry  sponge,  turn  the  paper 
completely  over  and  stretch  it  to  the  board  by  going  over  the  surface 
with  the  flat  of  the  hand  or  a  clean,  dry  duster,  working  .from  the 
center  to  the  edges,  pressing  the  latter  all  around  firmly  to  the  board 
with  the  flat  of  the  thumb  or  a  thin,  flat  stick  or  ruler.  Either  of 
these  methods  has  been  successfully  used  in  many  offices,  especially 
architects',  but  for  important  work  the  method  described  under  the 
head  of  "Mounting  Tracing  Paper,"  and  illustrated  in  Fig.  29,  should 
be  resorted  to. 


Digitized  by  LjOOQ  IC 


CHAPTER    III. 


CARD  INDEX  SYSTEMS. 

It  is  evident  that  the  index  system  suitable  for  one  drawing-room 
may  not  be  exactly  what  is  wanted  in  another,  where  a  different  prod- 
uct of  manufacture,  and  different  conditions  in  general,  call  for  some 
individual  modifications.  It  is  therefore  necessary  to  assume,  perhaps, 
that  the  index  systems  outlined  in  the  following  may  not  be  directly 
applicable  to  a  majority  of  drafting-rooms,  but  the  general  principles 
involved  will  be,  and  ought  to  be,  used  as  guides  in  devising  any 
drawing-room  card  index  system. 

Index  System  for  Draftlngr-Boom  With  a  Great  Variety  of  Work. 

The  greatest  difficulty  in  devising  a  satisfactory  index  system  is 
met  with  in  shops  having  to  deal  with  a  great  variety  of  work.  For 
drafting-rooms  in  shops  where  the  product  Is  limited  to  only  a  few 
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standard  machines,  or  articles,  which  are  turned  out  in  great  quanti- 
ties, the  problem  is  a  comparatively  easy  one.  But  In  the  case  where, 
even  if  the  shop  be  comparatively  small,  the  accumulation  of  drawings, 
sketches,  patterns,  and  such  tools  as  the  drafting-room  is  often  ex- 
pected to  take  care  of,  becomes  of  a  vast  scope  even  in  a  few  years, 
on  account  of  the  variety  of  work,  a  more  detailed  system  becomes 
necessary. 

The  system  indicated  in  the  following  may,  at  first  glance,  seem 
somewhat  elaborate,  but  a  little  extra  expense  added  in  the  beginning 
will  more  than  repay  itself  in  the  long  run.  The  main  factor  to  be 
taken  In  consideration  when  planning  a  system  is,  of  course,  the 
rapidity  with  which  a  thing  looked  for  can  be  found.  The  somewhat 
greater  care  needed  to  keep  up  a  complete  system  will  hardly  amount 


Digitized  by  LjOOQ IC 


CARD  INDEX  SYSTEMS.  35 

to  anything  compared  with  the  time  wasted  in  trying  to  locate  things 
looked  for  in  an  incomplete  and  patched  up  card  index  system. 

The  words,  "drawing,"  "shop  sketch"  and  "customer's  sketch" 
referred  to  below  are  defined  in  this  system  thus: 

Dratoinff. — ^Any  tracings  or  drawings  for  machines,  tools  and  devices 
manufactured  by  the  firm  as  a  standard  article  or  used  in  the  shop. 

Shop  sketch, — ^Any  drawing,  made  in  the  drawing-room,  of  special 
tools  that  are  ordered  in  small  quantities  by  customers. 

Custamer'a  sketch. — ^Any  drawing,  tracing,  sketch  or  blueprint  that 
has  been  sent  to  the  firm  by  outside  parties  or  customers. 

The  drawings  are  indexed  on  cards  (see  Fig.  31)  on  which  is  stated: 

1.  Number  and  letter  of  drawing  (the  letter  indicating  the  size  of 
the  drawing). 

2.  When  made. 

3.  By  whom  made. 

4.  By  whom  checked. 

5.  Complete  title  of  the  drawing. 

6.  Piece  number  (if  a  casting,  this  is  also  the  pattern  number). 

7.  Remarks. 

These  cards  are  numbered,  when  they  are  blank,  with  the  drawing 
numbers  in  rotation,  and  are  kept  in  numerical  order.  As  soon  as  a 
drawing  is  made,  the  first  blank  card  is  filled  out  and  its  number 
stamped  on  the  drawing.  The  card  is  then  placed  in  the  index,  accord- 
ing to  the  following  rules:  In  the  first  place,  tools  and  machines 
should  be  indexed  in  general  classes,  and  all  general  attachments  for 
the  machines  should  be  indexed  under  the  heading  of  the  machine 
with  which  they  are  used.  For  example,  cutters  of  every  description 
should  be  indexed  under  the  word  "Cutter,"  and  sub-headings  should 
be  provided  in  the  index  if  the  number  of  cutters  of  different  descrip- 
tioDS  make  a  sub-division  necessary.  Again,  for  example,  "Dividing 
head  for  milling  machine"  should  be  indexed  under  "Milling  Machine" 
and  sub-divisioned  under  "Head."  Fig.  32  of  an  index  arranged  in 
this  manner  will  make  further  explanations  unnecessary. 

Jigs  and  fixtures  that  are  to  be  used  for  certain  operations  in 
manufacturing  parts  of  standard  machines  and  tools  are  indexed  in 
the  same  divisions  as  the  parts  on  which  the  operation  is  to  be  per- 
formed are  indexed  under;  for  example,  a  fixture  for  boring  head  for 
milling  machine  is  indexed  under  "Head"  for  "Milling  Machine."  In 
cases  where  it  is  found  difilcult  to  decide  under  which  heading  to 
place  a  certain  todl  or  fixture,  it  is  advisable  to  make  out  two  or 
even  more  cards  under  such  headings  where  they  are  most  likely  to 
be  looked  for.  The  files  for  the  cards  should  be  kept  in  the  most 
accessible  place  in  the  drafting-room,  where  everybody  having  to  use 
them^can  do  so  with  convenience. 

The  drawings  are  filed  in  drawers  in  the  drawing-room,  but  a  "record 
blueprint"  of  each  ought  to  be  kept  in  a  fireproof  safe  or  vault;  of 
course  one  must  be  very  particular  about  replacing  these  "record  blue- 
prints" every  time  a  change  is  made  on  the  original  tracing  or  drawing. 

Sketches,  as  a  rule,  being  used  only  a  very  limited  number  of  times, 


Digitized  by  LjOOQIC 


36  DRAFTING-ROOM  PRACTICE. 

ought  not  to  be  traced,  but  drawn  either  in  copying  ink  or  copying 
pencil,  and  copied  in  a  special  copybook  used  for  the  purpose.  The 
sketch  is  marked  with  the  page  number  of  the  copybook  where  it  is 
copied.  These  sketches  could,  of  course,  be  indexed  on  the  index  pages 
of  the  copybook,  but  when  one  copybook  after  another  is  filled  out  it 
would  be  a  waste  of  time  to  have  to  go  through  the  index  of  each 
one  in  order  to  find  what  is  wanted;  therefore  a  card  index  is  provided 


Maekintry,  ff.r. 

Pl0. 82.    Arrangement  of  Index  Cards  in  File. 

for  these  sketches  also,  where  the  cards  are  put  in  order  according 
to  the  names  of  the  customer. 

There  is  also  an  additional  card  index  for  these  sketches  where 
the  cards  are  put  in  order,  not  with  reference  to  name  of  customer, 
but  according  to  name  and  kind  of  tool  drawn  on  sketch.  Customer's 
sketches  are  not  listed  in  any  card  index,  but  are  kept  in  proper  order 
in  a  common  letter-file. 

There  is  no  need  of  providing  for  a  card  index  for  the  patterns,  as 
the  pattern  numbers  are  always  marked,  not  only  on  the  drawing  itself, 
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but  also  on  the  index  card  for  the  drawing  in  question.  However,  It 
is  both  convenient  and  necessary  in  many  cases  to  be  able  to  tell  froiy 
the  number  of  the  pattern  what  machine  or  tool  this  pattern  applied 
to;  therefore  a  book  is  provided  with  pattern  numbers  in  rotation, 
where  the  patterns  are  entered  as  soon  as  a  drawing  is  made. 

It  is  not  only  necessary  to  keep  a  good  record  of  drawings  or  pat- 
terns that  have  been  made,  but  equally  as  important  to  have  a  com- 
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plete  record  of  blueprints,  sketches,  patterns,  etc.,  when  in  use.  All 
blueprints  given  out  from  the  drawing-room  must  be  charged  to  the 
person  for  whose  use  It  is  furnished,  whether  he  be  some  one  In 
the  shop  or  an  outside  party.  For  this  purpose  there  is  a  special  set 
of  cards,  one  card  for  each  drawing,  this  card  being  provided  with  the 
drawing  number;  these  cards  are  kept  in  numerical  order.  When  a 
blue-print  is  given  out  by  the  drafting-room,  the  name  of  the  person 
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for  whose  use  the  blue-print  was  given  out,  is  recorded  on  the  card 
with  the  same  number  as  the  drawing.  This  enables  anyone  to  find  at 
a  glance  where  every  blueprint  of  a  certain  drawing  can  be  found. 

When  sketches  are  sent  out  in  the  shop,  it  is  noted  in  the  copybook 
Itself  on  corresponding  page,  to  whom  and  on  what  date,  sketch  was 
given  out.  As  these  sketches  have  to  go  from  one  department  to 
another,  each  department  foreman  is  expected  to  keep  a  record  of 
when  and  to  whom  he  sent  the  sketch,  when  he  was  through  with  it. 
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« 
When  the  work  is  finished,  the  sketch  is  returned  to  the  drafting-room 
^nd  the  date  when  it  was  returned  is  noted  down  in  the  copybook  on 
page  number  corresponding  with  sketch.  Customer's  sketches  are 
never  sent  out  in  the  shop,  but  are  kept  as  records  and  for  reference 
in  the  letter-file  mentioned  above. 

A  system  laid  out  and  made  up  In  accordance  with  the  principles 
above  will  prove  itself  very  satisfactory,  not  to  say  necessary,  for  the 
drafting-room  in  a  shop  having  a  great  variety  of  work  to  do. 

The  Card  Index  in  the  Jobbinfir  Shop. 
The  index  system  of  the  drafting-room  in  a  general  Jobbing  and 
repair  shop  also  offers  difficulties.     The  system  for  such  a  drafting- 
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room,  as  outlined  below,  has  been  devised  by  a  man  in  charge  of  a 
shop  doing  a  general  line  of  repair  work  and  some  building  of  new 
machinery,  in  a  place  where  there  is  little  scope  to  take  up  any 
standard  line  of  work  or  even  to  make  the  same  machine  twice  with- 
out alteration.  To  avoid  endless  confusion,  he  has  found  it  necessary 
to  evolve  some  system  of  keeping  records  of  the  machines  and  parts 
of  machines  sent  out,  as  well  as  of  the  drawings,  and  his  experience 
undoubtedly  will  prove  useful  to  others  having  to  work  under  similar 
conditions. 

In  most  shops  of  this  kind  a  part  of  the  work  is  done  to  blueprints 
or  sketches  supplied  by  the  customer,  and  part  to  drawings  made  by 
the  firm's  own  staff;  and  the  patterns  are  sometimes  the  customer's 
property  and  sometimes  the  firm's.  The  remainder  of  the  work  is 
repairs,  overhauling,  refitting,  etc.,  of  which  no  record  need  be  kept. 
The  problem  resolves  itself  into  these  requirements:  First,  to  be  able 
to  find  at  any  time  the  drawing  to  which  any  part  of  any  machine 
was  made,  given  the  customer's  name.  Second,  to  have  a  complete 
index  to  all  patterns,  drawings,  foreign  blueprints,  etc.,  to  save  duplica- 
tion of  any  of  these  where  they  can  be  worked  in  on  another  order. 
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On  receipt  of  an  order  from  a  customer  It  Is  written  out  on  a 
form,  a  copy  of  which  goes  to  the  drawing  office,  pattern  shop,  holler 
shop  and  machine  shop,  or  such  of  these  departments  as  have  work  to 
do  on  that  order. 

We  will  suppose  that  this  order  Is  for  a  machine  to  be  made  to  the 
firm's  own  drawings.  The  drawing  office  then,  on  receipt  of  this  order, 
makes  out  a  production  sheet  on  bond  paper  forms,  giving  name  and 
number  required  of  each  part,  drawing  number,  pattern  number  If  a 
casting,  and  material  of  which  It  Is  made.  This  production  sheet 
should  Include  everything  required,  bolts,  nuts,  oil-cups,  gaskets,  split 
pins,  name-plate  and  every  detail,  no  matter  how  small.  In  the  case 
of  forglngs  It  should  give.  In  addition  to  drawing  number,  the  length 
and  size  of  bar  required  to  make  It.    The  required  number  of  prints 
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should  then  be  made  from  the  production  sheet,  and  the  order  number, 
name  of  customer,  date  issued  and  number  of  machines  required  (the 
production  sheet  should  always  be  made  out  for  one  machine  only) 
put  on  the  prints,  and  not  on  the  original,  as  this  may  be  used  again 
later,  on  other  orders.  One  print  should  then  be  sent  to  the  stores 
department,  to  order  the  material  from,  and  one  to  each  of  the  different 
department  having  work  to  do  on  that  order,  the  pattern  shop  having 
to  Issue  the  patterns  and  orders  to  the  foundry  department.  Also  one 
print  should  be  filed  away  as  a  record  under  the  order  number,  prefer- 
ably In  an  envelope,  together  with  any  special  specification  or  other 
matter  referring  to  that  order  only;  these  will  be  kept  in  numerical 
order  and  should  be  stored  in  a  fireproof  vault,  but  in  a  convenient 
place  for  reference.  The  original  can  now  be  altered  to  suit  any 
future  orders  or  improvements  In  design  without  affecting  our  record 
of  that  order.  Any  alterations  to  the  drawings  for  subsequent  orders 
are  also  made  in  such  a  way  that  there  is  a  record  of  the  original  di- 
mensions. 
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Now,  to  duplicate  any  part  of  an  old  order,  we  have  a  card  index 
0^  the  production  sheet  prints  that  are  filed  under  their  order  num- 
bers. These  cards  are  indexed  alphabetically  under  the  customer's 
name;  a  copy  of  the  card  is  shown  in  Fig.  35.  This  card  is  filled  out 
for  each  order  for  that  firm  and  filed  away  in  the  index  cabinet. 
Therefore,  given  the  customer's  name,  we  can,  by  consulting  this  index, 
find  the  order  number  under  which  his  machine  was  built,  and  by  get- 
ting out  the  production  sheet  print  for  that  order  number  we  get  the 
drawing  numbers  we  require. 

The  columns  for  size  and  hand  save  us  the  necessity  of  looking  up 
two  or  three  production  sheet  prints,  as,  for  instance,  if  we  get  an 
order  for  a  set  of  grate  bars,  same  as  supplied  by  us  with  a  48-inch 
boiler  for  Brown  &  Co.,  we  look  under  Brown  for  Brown  &  Co.'s  card, 
and  then  down  that  card  till  we  come  to  a  48-inch  boiler,  which  will 
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give  us  the  order  number,  and  from  the  production  sheet  print  for 
that  order  number  we  can  get  the  pattern  number  and  number  required. 
If  we  had  not  the  size  on  the  card  we  might  have  any  number  of 
boilers  built  by  us  for  that  firm  to  look  up  in  the  production  sheet 
prints  before  we  found  the  48-inch  size. 

The  Machine  No.  column  is  used  in  case  a  customer  sells  his 
machine  to  some  one  else,  the  number  being  stamped  on  the  name-plate 
of  the  machine. 

The  Drawing  No.  column  gives  the  assembly  drawing  number,  and 
may  save  time  if  one  wanted  only  an  assembly  drawing,  but  it  is 
primarily  intended  for  orders  such  as  stacks,  smoke  connections,  etc., 
which  only  require  one  drawing.  No  production  sheet  is  made  for 
such  orders,  a  bill  of  material  on  the  drawing  giving  all  information 
required. 

The  original  production  sheets  have  a  card  index  with  alphabetical 
guide  cards,  and  are  indexed  under  the  name   of  the  machine,  as 
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^boiler  under  B.  A  copy  of  these  cards  is  shown  In  Fig.  36.  The  pro- 
duction sheets  are  numbered  in  order,  as  made.  The  shop  drawings 
are  indexed  alphabetically  under  the  name  of  the  part.  These  draw- 
ings are  numbered  and  filed  consecutively  as  made,  and  are  given  the 
suffix  A  or  B.  A  is  the  large  size  (18  x  24-inch)  and  B  the  small  size 
(9 X  12-inch).  The  A  and  B  drawings  are  numbered  and  filed  indepen- 
dently of  each  other.  The  cards  for  indexing  these  drawings  are 
shown  in  Fig.  37.  Each  part  of  a  machine  is  ou  a  separate  card,  and 
the  cards  are  re-written  from  time  to  time*  to  keep  the  parts  on  the 
card  in  order  of  size,  smallest  size  at  top,  as  other  similar  parts  of 
different  sizes  are  made  and  interpolated.  ^ 

If  the  order  should  be  to  make  a  machine  to  the  customer's  blue- 
prints, we  number  these  prints  consecutively,  starting  with  the  number 
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after  that  given  to  the  last  blueprint  on  the  previous  order,  and  giving 
it  the  suffix  C  or  D,  as  125-C.  The  suffix  C  indicates  that  the  patterns 
shown  on  that  print  are  our  property,  and  the  suffix  D  indicates  the 
reverse.  These  prints  are  folded  and  put  in  envelopes  bearing  the 
same  number,  and  ace  filed  away  in  consecutive  order,  the  C  and  D 
prints  being  in  separate  drawers.  The  C  prints  are  indexed  with  our 
own  A  and  B  drawings,  so  that  we  have  on  the  cards  a  complete  list 
of  all  sizes  of  patterns  or  designs  we  have  of  that  particular  part. 
The  D  prints  are  indexed  under  the  name  of  the  part,  the  card  being 
shown  on  Fig.  38.  The  column  for  print  number  Is  for  the  number 
given  the  print  by  the  customer,  and  Name  of  Firm  is  the  name  of 
the  customer  or  owner  of  the  print;  these  two  columns  are  for  pur- 
poses of  ready  identification. 

The  foregoing  is  only  a'  bare  outline  of  the  system,  but  it  will  be 
sufficient  to  show  its  cheapness  and  adaptability  to  the  work  required 
of  it. 


Digitized  by 


Google 


42 


DRAFTING-ROOM  PRACTICE. 


'  Limiting  the  Volume  of  the  Oard  Index. 

While  the  card  index  has  proven  a  valuable  aid  in  facilitating  the 
drawing-room  work,  it  is,  however,  apt  to  become  rather  voluminous 
if  the  business  is  a  growing  one,  and  even  though  one  may  add  all 
the  card  index  guides  possible,  dividing  the  index  into  classes  and  sub- 
divisions, there  will  invariably  be  some  sub-divisions  that  will  contain 
more  cards  than  are  convenient  to  look  through  every  time  a  drawing 
is  to  be  found. 

For  this ,  reason  a.  system  based  upon  a  principle  of  classification, 
as  described  below,  will  make  the  index  less  voluminous,  and  at  the 
same  time -permit  a  saving  of  time  when  looking  up  a  drawing.  It  has 
been  the  usual  practice  to  make  one  card  for  each  drawing  indexed. 
This  is,  however,  not  necessary  as  long  as  there  will  always  be  a  cer- 
tain number  of  drawings  of  the  same  kind  of  tools  or  articles  that 
can  conveniently  be  listed  on  the  same  card.     The  card  depicted  in 


Class  . .' Milling  Machine  Fixtures. 

Subdivision.  .Fixtures  for  parts  of  Multi -spindle  Drills. 

PIXTURBB  FOR  FEBD  RACKS. 

No.  Of 
Draw- 
ing. 

Date 
Usaed. 

Drafts- 
man.. 

Description. 

Date 
Superseded 

2716 
3563 
4716 
4719 

6  181904 

9-27-1906 

12-80-1905 

12  81-1905 

Smith 
Leiand 
Leiand 
Leiand 

For  4-spindle  drill.  If 

center- distance. 
For  8-spindle  drill,  1| 

center- distance. 
For  4  spindle  drill,  2^ 

center-distance. 
For  4-spindle  drill,  11 

nen  ter-distance. 

12-811905 

Fl0. 80.    Index  Oard  Adopted  to  Save  Bpaoe. 

Fig.  39  shows  plainly  the  principle  employed  in  regard  to  using  the 
index  guides,  having  first  guides  for  general  classes,  and  then  for 
sub-divisions.  On  the  third  line  of  the  card  is  given  the  general  name 
of  the  class  of  articles  for  which  the  drawings  on  this  card  are  made. 
The  remainder  of  the  card  can  be  used  for  filling  out  from  time  to 
time  additional  drawings  belonging  to  this  same  general  description. 
It  will  be  seen  that  by  means  of  this  system  the  card  index  can  be 
easily  reduced  to  a  fraction  of  its  original  volume.  As  the  draftsman 
is  well  aware,  the  average  life  of  a  drawing  is  rather  short,  and 
still,  as  superseded  drawings  have  often  to  be  referred  to,  it  is  well 
to  systematize  the  drawing-room  so  that  the  superseded  drawings  are 
kept  on  file  right  with  the  regular  ones,  but  marked  "superseded," 
and  with  the  date  the  reissue  took  place.  In  order  to  save  unnecessary 
delay  in  looking  up  a  drawing,  the  date  when  the  drawing  was  super- 
seded should  also  be  marked  on  the  card  in  the  Index.  With  the 
exception  of  these  remarks,  the  picture  of  the  card  will  explain  its 
purpose,  and  its  general  usefulness.     iSystems  of  this  character  have 
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proved  a  time-saving  suggestion  to  many  drawing-rooms  that  used  to 
work  under  difficulties  with  rapidly  expanding  card-index  systems. 

Blue- Print  Becord  Oard. 

A  firm  whose  line  of  work  is  such  that  improvements  and  changes 
of  designs  and  details  are  constantly  being  made,  must  by  necessity 
devise  some  system  of  properly  keeping  track  of  the  blue-prints  in  the 
factory.  In  an  establishment  where  there  are  several  hundred  prints 
in  twenty  to  twenty-flve  different  departments,  it  is  very  necessary 
that  there  be  some  good  system  of  keeping  in  touch  with  every  blue- 
print, in  order  that  the  proper  ones  may  be  corrected  when  a  change 
is  made. 

The  card  shown  in  Fig.  40  is  one  used  to  great  advantage  by  The 
Qarford  Ck>.,  to  keep  track  of  all  blue-prints  issued  from  the  drafting 
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Fiff.  40.   Blue-Print  Beoord  Oard. 

room.  E^ch  detail  is  drawn  on  a  separate  standard  sheet,  and  mounted 
on  pressboard  for  the  shop.  Each  department  has  a  complete  book 
of  blue-prints  for  each  type  of  machine.  When  a  change  is  made  on 
a  drawing,  a  new  blue-print  is  made  to  supersede  each  blue-print  in 
the  factory.  On  issuing  a  blue-print  from  the  drafting-room,  a  card 
like  the  one  here  shown  is  filled  out.  The  name  of  the  piece  is  entered 
in  the  place  marked  "Name."  Blue-print  number  and  drawer  number 
(which  is  the  drawer  where  the  tracing  is  filed)  are  placed  on  with  a 
stamp  in  their  proper  places.  In  the  column  marked  "Delivered"  the 
date  is  entered,  and  the  department  number  placed  in  the  column 
marked  "Dep't."  Under  the  heading  "Condition,"  the  mounting  and 
kind  of  the  blue-print  is  noted,  either  mounted  or  unmounted,  machine, 
drop-forge  or  pattern  drawing.  For  this,  a  rubber  stamp  is  used.  When 
a  change  is  made  in  the  tracing,  by  looking  on  the  proper  card,  it  is 
readily  seen  where  the  blue-prints  are,  and  which  ones  are  to  be 
changed.     In  the  columns  "Changed,"  the  date  when   the  new  blue- 
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print  is  delivered  and  the  old  one  is  returned,  is  noted.  If  for  any 
reason  it  is  not  necessary  to  change  the  blue-print  in  some  depart- 
ments, a  check  or  some  other  mark  is  placed  in  the  space  instead  of 
the  date,  and  a  similar  check  or  mark  placed  on  the  back,  and  the 
reason  noted.  If,  for  instance,  the  piece  was  a  casting  and  some 
drilled  hole  is  changed  from  one-quarter  inch  to  three-eighths  inch,  it 
would  not  be  necessary  to  change  the  blue-print  in  the  pattern  shop. 
Each  department  has  its  own  blueprints,  and  they  are  never  delivered 
from  one  department  to  another  without  first  going  through  the 
drawing-room.  When  a  department  is  through  with  the  blue-print, 
it  is  returned  to  the  drawing-room,  and  the  date  entered  in  the  column 
marked  "Returned." 

Card  Index  for  the  Draftsman's  Individual  Records. 

While  in  the  up-to-date  drafting-room   the  card  index  found  early 
acceptance,  and  has  become  a  necessary  adjunct  for  the  keeping  of 


Fl0.  41.    Card  Index  for  the  Draftsman's  Individual  Records. 

records  of  various  kinds,  there  is,  however,  a  place  in  the  drafting- 
room  for  the  card  index  where  it  has  yet  to  be  more  generally  adopted, 
and  that  is  as  an  individual  adjunct  to  each  draftsman's  outfit.  Years 
ago  Nystrom  said:  "Every  engineer  should  make  his  own  pocketbook, 
as  he  proceeds  in  study  and  practice,  to  suit  his  particular  business," 
and  there  is  no  better  way  of  compiling  a  pocketbook  than  by  the  use 
of  the  card  index.  Outfits  for  this  purpose  may  be  purchased  in  all 
styles  and  prices,  from  the  trial  outfit  of  3  x  5  cards,  in  a  pasteboard 
case  and  costing  about  75  cents,  up  to  the  most  elaborate  cases  and 
trays  for  the  5x8  cards. 

Fig.  41  is  a  sketch  of  a  very  cheap  and  serviceable  index. box  that 
can  be  readily  put  together  in  the  pattern  shop,  and  is  in  some  ways 
better  suited  to  this  particular  purpose  than  those  purchased  of  the 
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regular  dealers  in  such  goods.  Being  made  of  %-inch  pine,  planed 
down  to  about  %  inch,  it  is  very  light  and  much  more  easily  handled 
than  the  regular  cases,  which  are  usually  made  of  oak.  Another  point 
in  its  favor  is  that  it  can  be  made  much  shorter  than  any  of  the  regular 
trays  which  come  in  lengths  of  from  12  to  14  inches,  and  are,  therefore, 
of  a  size,  that  would  prove  unhandy  updn  a  draftsman's  board.  A 
package  containing  100  index  cards  of  medium  weight  measures  a 
little  less  than  an  inch  in  thickness,  so  that  a  box  4  or  5  inches  deep 
will  hold  a  sufficient  number  of  cards  to  cover  a  long  period  of  the 
average  draftsman's  experience.  The  object  should  be  to  compress 
the  entire  outfit  into  a  size  and  weight  which  shall  not  greatly  exceed 
that  of  an  ordinary  reference  book. 

Cards  for  these  outfits  are  provided  mainly  in  3x5,  4x6,  and  5x8 
inch  sizes,  but  if  the  ihdex  is  to  be  put  to  all  of  the  uses  which  are 
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Flff.  42.    The  Card  Index  used  for  Ollppings. 

mentioned  later,  the  cards  should  not  be  less  than  the  4  x  6-inch  size. 
Either  of  the  two  larger  sizes,  if  used  in  a  short,  light  tray,  will  be 
found  fully  as  convenient  to  handle  as  the  ordinary  tray  for  the  smaller 
cards  when  it  is  of  the  usual  length  and  constructed  of  oak.  The 
cards  chosen  should  be  of  sufficient  size  to  allow  of  fairly  lengthy 
computations,  and  for  mounting  complete  tables  and  similar  data 
clipped  from  periodicals.  If  home-made  cards  are  to  be  used  they  can 
be  easily  cut  from  manila  or  stiff  white  drawing  paper,  and  will  answer 
the  purpose  very  satisfactorily.  Guide  cards  are  cut  from  the  same 
material  and  labeled  to  suit  the  matter  to  be  indexed.  In  the  case 
illustrated  no  provision  whatever  is  made  for  locking  the  cards  in,  as 
none  is  considered  necessary.  When  it  is  desired  to  refer  constantly 
to  a  certain  card  or  cards  they  may  be  easily  slipped  out  and  placed 
on  the  drawing  board  for  the  time  being,  and  any  device  which  makes 
it  necessary  to  lock  and  unlock  in  order  to  do  this,  or  to  remove  and 
add  cards,  will,  after  a  short  trial,  be  found  to  be  more  of  an  objection 
than  an  advantage. 


Digitized  by 


Google 


46 


DRAFTING-ROOM  PRACTICE. 


The  uses  to  which  the  in'dex  can  be  put  will  suggest  themselves  to 
each  draftsman  as  the  requirements  of  his  work  present  them.  In  the 
first  place  there  are  certain  tables  to  which  every  draftsman  must  con- 
stantly refer,  and  these,  should  form  a  foundation  of  the  index  sys- 
tem. Such  data  as  decimal  equivalents,  squares  and  cubes,  trigonom- 
etrical functions,  etc.,  furnish  the  most  natural  beginning.  These  are 
to  be  found  in  the  handbooks  in  common  use,  such  as  Kent  and 
Nystrdm,  .but  when  only  one  table  is  needed  for  a  particular  use,  the 
convenience  of  drawing  out  a  single  card  over  the  necessity  of  hand- 
ling the  whole  book,  will  at  once  be  apparent.  Often  several  tables 
are  used  at  the  same  time,  and  then  the  pages  of  the  book  must  be 
turned  back  and  forth,  or,  perhaps,  two  or  more  books  must  be  referred 
to.  With  the  index  system  any  number  of  cards  may  be  placed  side 
by  side  where  the  draftsman  may  refer  to  them  without  trouble.    Hav- 
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ing  started  with  the  tables  most  commonly  used  the  index  will  grow 
with  considerable  rapidity.  If  any  unfamiliar  table  or  data  is  to  be 
consulted,  much  time  may  be  lost  in  searching  for  it  through  the 
different  handbooks,  but  if,  when  found,  it  is  copied  on  to  an  index  card, 
it  is  then  ready  for  immediate  use  if  again  needed.  Clippings  from 
periodicals  have  before  been  referred  to,  and  the  value  of  a  year's  sub- 
scription to  any  good  technical  publication  will  be  wonderfully  in- 
creased if  all  of  the  data  that  is  published  pertaining  to  one's  par^ 
ticular  line  of  work  is  placed  upon  the  cards.  Fig.  42  is  an  illustra- 
tion of  a  data  card  upon  which  is  mounted  one  of  the  tables  taken 
from  a  Machinery  data  sheet. 

Reviews  of  all  technical  books  that  the  owner  reads  should  find  a 
place  upon  these  cards.  To  thoroughly  digest  any  book  there  is  no 
better  plan  than  to  make  notes  and  extracts  as  the  reader  proceeds, 
and  if  these  are  afterward  placed  in  his  index,  they  will  often  prove 
of  the  greatest  value.  • 
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In  many  drawing-rooms  the  draftsman  is  provided  with  a  note  book 
in  which  to  record  all  calculations,  estimates,  and  other  computations 
that  may  arise  in  connection  with  his  work.  After  one  of  these 
books  has  been  in  use  for  several  months,  and  a  mass  of  calculations 
has  accumulated  therein,  it  is  a  most  tedious  Job  to  search  them  over 
for  the  figures  applying  to  the  matter  in  hand.  If,  however,  the  cal- 
culations are  made  upon  index  cards  and  filed  under  appropriate  head- 
ings, they  may  be  found  at  a  minute's  notice. 

A  draftsman  is  often  called  upon  to  design  certain  pieces  of  mechan- 
ism in  which  the  strength  of  the  material  must  be  taken  from  general 
data  and  may  vary  considerably  from  the  strength  of  the  material 
actually  used.  In  such  a  case  it  may  be  practical  to  make  subsequent 
tests  and  from  these  to  obtain  definite  data.  The  card  shown  in  Fig. 
43  is  taken  from  an  index  compiled  by  a  designer  for  the  purpose  of 
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recording  such  data,  and  serves  to  illustrate  the  way  in  which  the  re- 
sults of  such  tests  can  be  kept  for  ready  reference.  The  problem  in 
this  case  was  to  design  a  spring  that  should  stand  a  load  of  about 
25,000  pounds  and  to  determine  Its  deflection  when  loaded.  The 
spring  was  designed  and  the  compression  figured  by  Begtrup's  formulas, 
in  which  the  modulus  of  elasticity  is  given  as  from  10,000,000  to  14,- 
000,000,  and  the  exact  modulus  to  be  used  is  left  to  the  Judgment  of 
the  designer.  After  these  springs  were  made  they  were  tested,  with 
the  results  shown  on  the  card,  and  substituting  the  actual  deflection 
for  given  loads  we  are  able  to  determine  a  modulus  of  elasticity,  in 
this  case  about  13,000,000,  which  can  be  regarded  as  comparatively 
exact  data  for  use  in  designing  springs  that  are  to  be  made  of  the 
same  material  and  to  perform  similar  duty.  If  similar  comparisons 
be  made  of  castings  and  forgings  of  various  kinds  we  soon  accumu- 
late a  quantity  of  very  reliable  information  that  applies  more  closely 


Digitized  by  LjOOQIC 


48  DRAFTING-ROOM  PRACTICE, 

to  our  particular  cases  than  any  published  data  which  must,  at  best, 
be  only  general  in  its  nature. 

Photographs  of  machines  builtt  &Qd  data  connected  with  them,  will 
prove  valuable  additions  to  the  index.  Fig.  44  shows  a  record  of  a 
special  vertical  milling  machine,  and  explains  Just  which  parts  were 
special  and  which  regular,  and  provides  a  complete  record  of  the  draw- 
ings used  and. any  information  that  would  be  of  aid  to  the  draftsman 
if  called  upon  to  design  a  similar  machine  at  some  ffiture  time. 
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Ko.  10.  ExAMPT.rs  or  Maphtne  Shop  Practuf. — Three  chapters  on  Cut- 
ting Bevel  Gears  with  a  Rotary  Cutter,  Spindle  Construction,  and  the  Malting 
of  a  Worm-Gear.  The  descriptions  of  the  operations  are  profusely  illustrated, 
demonstrating  the  value  of  the  camera  for  telling  the  story  of  machine  shop 
work,  and  for  graphic  instructions  in  the  methods  of  machine  shop  practice. 

No.  11.  Bkarings. — Design  of  Bearings,  Hot  Bearings,  Oil  Grooves  and 
Fitting  of  Beaiings,  Lubrication  and  Lubricants,  and  Ball  Bearings. 

Ko.  12.  Matiikmatical  PRiNriPLF.s  OF  Mac'Hixk  Dksigx. — The  matter  pre- 
sented is  almost  entirely  the  work  of  Mr.  C.  F.  Blake,  a  name  very  familiar  to 
the  readers  of  Machinery.  Draftsmen  and  designers  will  find  the  chapters  on 
the  Efficiency  of  Mechanisms  and  Notes  on  Design  full  of  valuable  suggestions. 

No.  13.  Blanking  Dies. — Contains  chapters  dealing  with  Blanking  Dies  In 
general,  the  Design  of  Dies  for  Cutting  Stock  Economically,  Split  Dies,  and 
General  Notes  on  Die  Making. 

No.  14.  Details  of  Machine  Tool  Design. — Contains  chapters  on  the  deter- 
mination of  the  Diameters  of  Cone  Pulleys,  the  Relation  between  Cone  Pulleys 
and  Belts,  the  Strength  of  Countershafts,  and  Tumbler  Gear  Design. 

No.  15.  Spur  Gearing. — Contains  chapters  on  the  First  Principles  of  the 
Action  of  Gears,  the  Arithmetic  of  Spur  Gearing,  Formulas  for  the  Strength  of 
Gear  Teeth,  and  the  Variation  of  the  Strength  of  Gear  Teeth  with  the  Velocity. 

No.  16.  Machine  Tool  Drives. — Contains  chapters  on  the  Speeds  and 
Feeds  of  Machine  Tools;  Machine  Tool  Drives;  Single  Pulley  Drives;  and 
Drives  for  High  Speed  Cutting  Tools. 
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CHAPTER  •!. 


ELEMENTARY  PRINCIPLES  OF  DRILL  JIGS. 

The  reasons  for  the  use  of  jigs  may  be  summed  up  under  three 
heads,  the  order  in  which  they  arc  stated  representing  fairly  well  the 
frequency  of  occurrence,  though  not  necessarily  the  importance,  of 
these  reasons:  First,  reduX;tion  of  cost;  second,  duplication;  third, 
accuracy. 

Let  us  first  consider  the  question  of  cost.  As  no  article  can,  as  a 
rule,  be  sold  In  open  competition  with  similar  articles  unless  Its  cost 
is  somewhat  proportionate  to  the  quality  of  its  competitors,  commer- 
cial considerations  demand  that  the  cost  be  kept  as  low  as  possible, 
while  the  quality  be  kept  as  high  as  possible;  and  jigs  are  one  of  the 
chief  agents  of  this  in  metal  work.  When  a  jig  is  considered,  the  first 
thing  to  be  settled  is  whether  it  ca,n  be  made  to  pay,  and  if  so,  how 
much.  The  answer  to  this  often  involves  very  many  other  questions, 
but  can  generally,  if  not  always,  be  resolved  into  computations  based 
upon  the  number  of  pieces  to  be  made,  and  the  probable  cost  of  labor 
per  piece  when  made  with  and  without  a  jig;  and  the  cost  of  the  jig, 
including  maintenance.  Also  the  fact  that  often  a  much  less  valuable 
machine,  or  one  less  busy,  can  be  used  with  the  jig,  may  be  an  impor- 
tant consideration.  If  no  other  factor  than  cost  of  production  is 
involved,  and  it  is  found  that  the  total  cost,  of  the  jlggea  work  will 
come  very  near  that  of  the  lot  of  articles  when  made  without  a  jig, 
and  no  further  order  is  in  sight,  it  is  pretty  safe  to  abandon  the  jig 
idea;  for  it  is  apt  to  partake  very  much  of  the  nature  of  an  experi- 
ment, and  the  odds  should  be  decidedly  favorable  to  warrant  the  risk. 

The  second  reason — the  duplication  of  pieces — has  a  somewhat  dif- 
ferent foundation,  though  cost  enters  here  also,  as  will  be  seen  later. 
Suppose  the  part  to  be  made  is  subject  to  wear  or  breakage,  as  in 
agricultural  and  textile  machinery,  guns,  bicycles,  etc.  We  know,  for 
Instance,  the  strong  disinclination  anyone  has  for  buying  a  wheel,  the 
makers  of  which' have  gone  out  of  business.  It  is  at  once  recognized 
that  repair  parts  cannot  be  bought  from  stock  dealers,  but  must  be 
made  at  excessive  cost  and  delay.  So  we  have  before  us  the  importance 
to  manufacturers  that  the  buying  public  shall  have  confidence  in  the 
interchangeability  of  parts  in  order  that  sales  may  be  made  at  all 
upon  the  open  market.  It  is  a  fact  that  where  this  reason  holds  good, 
there  Is  also  the  reason  that  costs  will  be  lessened,  because  production 
of  large  numbers  of  parts  is  taken  for  granted.  And  in  considering 
whether  or  not  a  jig  shall  be  made,  this  combination  of  reasons  mili- 
tates strongly  for  the  jig.  There  is  also  another  equally  important 
reason  for  jigs,  based  on  costs  and  interchangeability — It  is  that,  in 
fitting  and  assembling,  those  parts  which  are  exactly  alike  require  a 
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minimum  amount  of  labor  when  putting  In  place.  This,  perhaps, 
one  may,  without  danger  of  exaggeration,  say  is  in  most  cases  in  the 
machine  building  business  the  chief  consideration. 

In  the  third  place,  accuracy  Is  often  attained  only  by  the  use  of 
jigs.  There  are  certain  classes  of  work  which  could  not  be  finished  at 
all  within  the  limits  of  accuracy  demanded,  if  jigs  of  some  sort  were 
not  u^ed. 

It  will  therefore  be  seen  that  the  determination  of  whether  a  jig 
shall  be  made  may  rest  upon  a  number  of  questions  which  often 
demand  great  care  and  practical  experience  to  solve  In  the  way  best 
meeting  the  requirements  of  the  case. 

Drill  Jlcrs. 

Drill  jigs  are  used  for  drilling  holes  which  must  be  accurately 
located,  both  in  relation  to  each  other  and  to  certain  working  surfaces 
and  points;  the  location  of  the  holes  is  governed  by  holes  in  the  jig 
through  which  the  drill  passes.  The  drill  must  fit  the  hole  in  the 
jig  to  insure  accuracy  of  location.  When  the  jig  is  to  be  used  in  drill- 
ing many  holes,  the  steel  around  the  holes  is  hardened  to  prevent 
wear.  If  extreme  accuracy  is  essential,  or  if  the  jig  is  to  be  used  as  a 
permanent  equipment,  bushings,  n:ade  of  steel  and  hardened,  are  used 
Co  guide  the  drills. 

Oeneral  Considerations  in  DeBlfirnincr  Jiffs. 

The  design  of  a  jig  should  depend  altogether  on  the  character  of 
the  work  to  be  done,  the  number  of  pieces  to  be  drilled,  and  the  degree 
of  accuracy  necessary  In  order  that  pieces  drilled  may  answer  the  pur- 
pose for  which  they  are  intended.  When  jigs  are  to  be  turned  over 
and  moved  around  on  the  drill  press  table  they  should  be*  designed 
to  insure  ease  and  comfort  to  the  operator  when  handling,  and  should 
be  made  as  light  as  is  consistent  with  the  strength  and  stiffness 
necessary.  Yet,  we  should  never  attempt  to  save  a  few  ounces  of 
iron,  and  thereby  render  the  jig  unfit  for  the  purpose  we  intend  to 
use  it  for.  The  designer  should  see  that  the  jig  is  planned  so  that  work 
may  be  easily  and  quickly  placed  in  and  taken  out,  and  that  it  can  be 
easily  and  accurately  located  in  order  to  prevent  eventual  mistakes. 
As  it  is  necessary  to  fasten  work  in  the  jig  in  order  that  it  may 
maintain  its  correct  position,  fastening  devices  are  used;  these  should 
allow  rapid  manipulation,  and  yet  hold  the  work  securely  to  prevent  a 
change  of  location.  Yet,  while  it  is  necessary  to  hold  work  securely, 
we  should  not  use  fastening  devices  which  spring  the  work,  or  the 
holes*  will  be  not  only  improperly  located,  but  they  will  not  be  true 
with  the  working  surfaces  or  with  each  other.  When  finishing  the 
surfaces  of  drill  jigs  and  similar  devices  used  in  machine  shops,  the 
character  of  the  finish  depends  entirely  on  the  custom  in  the  shop, 
for  while  in  some  shops  It  Is  customary  to  finish  these  tools  very 
nicely,  removing  every  scratch,  and  producing  highly  finished  surfaces, 
in  other  shops  It  Is  not  required,  neither  Is  it  allowed,  as  it  is  con- 
sidered a  waste  of  time  and  an  unnecessary  item  of  cost. 


• 

Digitized  by  LjOOQ IC 


PRINCIPLES  OF  DRILL  JIGS.  5 

liimlta  of  Accuracy. 

When  making  drill  j^gs  we  must  discriminate  between  measurements 
that  must  be  exiict,  and  those  not  requiring  extreme  accuracy;  it  is 
not  considered  good  practice,  and  it  shows  poor  judgment,  to  spend  the 
amount  of  time  necessary  to  locate  a  hole  within  a  limit  of  variation 
of  0.001  inch  or  even  closer,  if  a  variation  of  1/64  inch  is  insignificant. 
But  if  the  holes  must  be  located  exact  as  to  measurements,  it  is  neces- 
sary to  work  as  accurately  as  possible,  and  time  cannot  be  considered 
a  factor,  provided  a  man  improves  every  minute.  Yet  the  fact  that 
extreme  accuracy  must  be  observed  does  not  warrant  a  jigmaker  wast- 
ing time. 

Before  starting  to  work  on  tools  of  this  character,  the  workman 
should  first  carefully  look  over  his  drawing,  making  himself  thor- 
oughly familiar  with  the  construction,  and  making  sure  that  the  meas- 
urements given  are,  seemingly,  correct;  if  in  doubt  about  anything, 
consult  the  foreman,  or  the  draftsman — according  to  the  custom  in  the 
shop — in  order  that  every  detail  may  be  thoroughly  understood,  or 
that  any  mistake  made  in  the  drawing  may  be  rectified. 

Many  times  one  draftsman  is  puzzled  to  understand  a  drawing  made 
by  an  equally  good  man,  especially  so  if  the  work  is  foreign  to  him; 
and  a  shop  man,  who  may  not  be  very  well  versed  in  reading  draw- 
ings— yet  be  an  excellent  workman-r-may  easily  get  puzzled  when  he 
attempts  to  read  a  drawing  of  work  he  is  not  familiar  with.  Inquiries 
and  proper  explanations  are  therefore  in  place,  and  there  should  be  no 
hesitation  about  asking  questions,  nor  any  reluctance  about  replying 

to  them. 

ProvlBlonB  for  Chips  and  Burrs. 

It  is  necessary  when  designing  tools  of  any  character,  whether  they 
be  cutting  tools  or  fixtures  for  holding  work  while  machined,  to  make 
provision  for  the  chips.  These  are  liable  to  get  into  drill  jigs,  and 
despite  ordinary  care,  get  under  the  work  or  between  it  and  the  locat- 
ing points.  In  order  to  do  away,  so  far  ^s  possible,  with  this  tendency, 
it  is  advisable  to  cut  away  as  much  of  the  seating  surface  as  can  be 
spared,  and  to  locate  stops  away  from  the  seating  surface,  if  possible. 
The  seating  surface  should  be  smooth  enough  so  that  chips  will  not 
adhere  to  it,  and  so  that  waste  will  not  stick  to  it.  but  it  should  not  be 
a  polished  surface,  as  we  would  in  all  probability  get  it  out  of  true, 
if, we  attempted  to  poHsh  it.  If  chips  are  allowed  to  get  under  the 
work  it  will  not  be  drilled  true;  that  is,  the  holes  will  not  be  at  the 
proper  angle  wkh  the  working  surface,  and  consequently  the  piece  will 
be  unfit  for  most  purposes. 

Many  operations  of  machining  are  almost  sure  to  throw  a  burr  on 
one  side  of  the  piece,  and  in  shops  where  quantities  of  work  of  the 
same  kind  are  machined,  many  employes  are  kept  busy  removing  these 
burrs  in  order  that  they  may  not  interfere  with  the  proper  seating  of 
the  pieces  during  the  succeeding  operations.  While  the  operation  of 
removing  the  burr  on  a  single  piece  of  work  may  not  incur  great  cost, 
yet  when  thousands  of  pieces  are  machined  each  day,  the  aggregate 
cost  constitutes  quite  an  item  of  expense,  and  the  successful  manager 
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is  he  who  so  far  as  possible  eliminates  the  small  items  of  expense, 
knowing  that  many  small  items  of  expense  amount  to  a  large  item  in 
the  aggregate.  ""Not  only  is  the  operation  of  burring  expensive,  but 
as  the  class  of  help  usually  employed  to  do  this  work  Is  unskilled, 
surfaces'  are  many  times  left  in  a  condition  anything  but  satisfactory. 
As  a  consequence,  the  surfaces  of  jigs,  milling  machine  fixtures,  etc., 
are  many  times  cut  away  to  receive  these  burrs,  thus  doing  away  with 
the  necessity  of  burring,  as  it  many  times  happens  that  subsequenj 
operations  remove  the  burrs.  In  Fig.  1  is  shown  a  piece  of  work  hav- 
ing a  burr  thrown  up  at  a,  while  Fig.  2  represents  a  surface  cut  away 
to  receive  the  burr. 

Factors  Determiningr  the  Advisability  of  Usingr  Jiffs. 
When  we  wish  to  drill  two  holes  a  given  distance  apart,  the  location 
of  the  holes  is  obtained  by  means  of  a  pair  of  dividers  set  to  a  scale. 
The  location  is  obtained  and  prick  punched,  after  which  the  holes  are 
drilled.  This  method  answers  nicely  when  one  piece  is  to  be  drilled, 
and  precise  measurements  need  not  be  observed.     If  it  is  necessary  to 
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Figs.  1  and  2.    Work  with  Barr,  and  Grooved  Part  of  JI9  to  Correspond. 

drill  ten  thousand  pieces,  then  this  becoipes  a  costly  method,  and  the 
work  can  be  done  more  cheaply  if  a  jig  is  made  to  hold  the  pieces. 
The  jig  must,  of  course,  have  holes  the  size  of  the  drill,  which  are 
properly  located.  By  the  use  of  the  jig,  the  cost  of  drilling  is  but  a 
fraction  of  what  it  would  be  if  the  holes  were  located  by  dividers,  and 
the  surface  prick  punched  as  described.  As  we  have  already  said,  the 
first  factor  which  must  be  considered  is  the  co^t  of  the  Jig.  If  the  cost 
of  the  jig,  plus  the  cost  of  drilling,  would  exceed  the  cost  if  the  pieces 
were  first  prick  punched  and  drilled  as  formerly  described,  then  the 
making  of  the  jig  would  not  be  considered  unless  a  greater  degree  of 
accuracy  was  necessary  than  would  be  liable  to  be  the  result  of  the 
method  mentioned.  When  a  jig  is  to  become  a  permanent  part  of 'the 
equipment  of  a  shop,  its  first  cost  is  not  so  much  a  matter  of  consid- 
eration as  when  only  a  limited  number  of  pieces  are  to  be  drilled. 
Yet  no  unnecessary  expense  should  ever  be  allowed. 

Means  for  Locating  Work  in  Jigrs. 

Many  times  when  only  two  pieces  are  to  be  drilled  which  must  be 
exactly  alike  as  regards  location  of  holes,  it  is  cheaper  to  make  a 
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simple  jig  than  to  attempt  to  drill  them  by  any  of  the  methods  com- 
monly used  in  machine  shops.  In  such  a  case  the  jig  may  be  made 
from  a  piece  of  cast  iron  or  other  material  which  may  happen  to  be 
on  hand,  the  holes  being  carefully  laid  off  and  drilled.  This  jig  makes 
It  possible  to  drill  the  holes  in  both  pieces  exactly  alike  as  to  location. 
When  using  a  jig  of  this  description  it  is  possible  to  locate  the  holes 
near  enough  for  most  work  by  ordinary  measurement.    If  many  pieces 
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Fig.4 


Flflrs.8,  4  and  6.    ICeans  for  Looatloflr  Work  in  Jl^r** 


were  to  be  drilled,  it  would  be  necessary  to  provide  locating  points, 
so  that  the  pieces  could  be  placed  in  the  jig,  and  the  essential  surfaces 
brought  against  these.  The  means  of  locating  hiay  be  pins,  as  shown 
in  Fig.  3,  or  a  shoulder  and  a  pin,  as  in  Fig.  4.  If  pins  are  used,  they 
should  be  so  located  that  the  bearing  surfaces  may  be  worked  flat,  as 
shown,  to  prevent  wear,  and  also  to  do  away  with  a  tendency  to  press 
into  the  surfaces  of  the  work.  If  flat  shoulders  are  used  they  should 
be  cut  away,  or  relieved,  at  corners,  as  shown  in  Fig.  5,  to  do  away,  so 
far  as  possible,  with  the  liability  of  dirt  or  chips  getting  between  them 
and  the  work.  Then,  again,  if  the  working  edges  of  the  pieces  of 
work  are  not  exactly  true,  it  would  be  impossible  to  properly  locate 
by  pressing  them  against  true  locating  surfaces  which  extend  the 
whole  length. 

When  work  is  of  irregular  contour  that  could  not  be  properly  located 
by  bringing  it  against  two  locating  surfaces,  it  is  possible  to  provide  a 
locating  device   which  bears   against  all   the   surfaces,  as  shown  in 


Flff.  O.    Method  of  liooatlnflr  Work  in  Jiu». 

Fig.  6.  This  method,  however,  is  hardly  to  be  advocated  for  most 
work,  as  it  necessitates  exactness  of  measurement  and  shape  on  all 
the  bearing  surfaces,  as  well  as  on  the  pieces  to  be  worked  upon. 
Then,  again,  the  shape  makes  it  extremely  difficult  to  clean,  and  a  chip 
under  any  portion  of  the  work  will  cause  it  to  stand  at  an  angle  with 
the  seating  surface  of  the  jig. 

Clamping  Devices. 

It  is  necessary  to  hold  the  work  solidly  In  the  jig  without  any 
chance  of 'its  changing  its  location.  Should  the  location  change  after 
one  or  more  holes  are  drilled,  and  before   all  are  drilled,   it  would 
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cause  a  variation  that  would  in  all  probability  spoil  the  piece  of  work. 
When  but  a  few  pieces  are  to  be  drilled  with  a  jig  it  is  not  generally 
considered  advisable  to  make  jigs  with  fastening  devices,  the  work 
being  held  in  place  with  a  clamp,  as  shown  in  Fig.  7.  In  order  to  do 
awaywith  any  possibility  of  change  of  location,  a  pin  is  forced  through 
the  jig  hole  and  the  hole  in  the  work  after  drilling  the  first  hole.  If 
many  holes  are  to  be  drilled  in  a  piece  It  is  advisable  to  have  two 
pins.  After  drilling  a  hole  in  one  €od  of  the  piece,  force  in  a  pin; 
then  drill  a  hole  in  the  opposite  end,  and  place  a  pin  in  this  hole,  as 
shown  in  Fig.  8.  The  pins  In  opposite  ends  of  the  piece  will  prevent 
its  slipping  when  the  rest  of  the  holes  are  drilled.  Many  different 
forms  of  fastening  devices  are  provided,  the  design  depending  on  the 
class  of  work.  One  of  the  most  positive  methods  consists  of  a  screw 
which  passes  through  a  stud  or  some  elevation  on  the  jig,  and  presses 
against  the  work,  forcing  it  against  the  locating  points,  or  stops,  as 
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Flffs.  7  and  8.   Means  fbr  Holding  Work  In  DrtU  JlffS. 

they  are  called.  The  screw  may  have  a  knurled  head,  as  shown  in 
Fig.  9,  or  a  thumbscrew  may  be  used.  Fig.  10.  Sometimes  it  is  neces- 
sary to  exert  greater  pressure  than  can  be  applied  by  means  of  a  screw 
of  the  ordinary  form.  Then,  it  Is  possible  to  make  a  screw  ^ith  a 
round  head,  drill  a  hole  through  it,  and  through  this  hole  pass  a  piece 
of  wire  as  shown  in  Fig.  11.  By  this  screw,  sufficient  pressure  can  be 
applied.  When  it  is  necessary  to  exert  a  greater  amount  of  power 
than  would  be  possible  by  the  use  of  a  pin  of  the  length  shown  in 
Fig.  11,  0I^e  may  be  used  that  will  slide  freely  in  a  hole  in  the  head 
of  the  screw.  A  ball  placed  on  each  end  prevents  its  falling  out.  By 
getting  the  full  length  of  the  pin  on  one  side  of  the  screwhead,  as 
shown  in  Fig.  12,  a  much  greater  amount  of  power  is  obtained.  At 
times  the  stud  which  supports  the  screw  may  interfere  with  the  plac- 
ing of  the  work  in,  or  the  removal  of  the  work  from  the  jig,  or  it 
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might  be  necessary  to  turn  the  screw  for  a  considerable  distance  each 
time  the  work  was  placed  in  or  taken  out  of  the  Jig.  In  such  cases 
a  stud  could  be  provided  that  could  be  removed  from  the  jig  when  the 
screw  was  relieved  of  its  tension  against  the  piece  of  work.  Such  a 
stud  is  shown  in  Fig.  13. 

Clampincr  Work  by  Cams  or  Eccentrics. 

A  common  method  of  fastening  work  is  by  means  of  a  cam  of  suit- 
able form.  Cams  of  the  ordinary  design  are  not  as  powerful  as  the 
screw,  but  they  have  the  a'dvantage  of  being  more  quickly  operated, 
and  in  the  case  of  light  work  where  but  little  strength  is  required, 
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Flffs.  9  to  12.    M»ans  for  Olamplng  Work  in  DrUl  Jlcs 


they  answer  the  purpose  much  better.  The  designer  should  bear  ill 
mind  that  a  few  seconds'  time  saved  on  each  piece  of  work  amounts  to 
a  large  saving  in  a  day  when  a  number  of  hundred  pieces  are  placed 
in  and  taken  out  of  a  jig.  And  in  these  days  of  competition  every  means 
of  saving  time  consistent  with  quality  of  work  should  be  considered. 
When  the  work  bears  against  two  points — one  on  the  side  and  one  on 
the  end — ^the  cam  should  be  designed  so  that  its  travel  against  the 
work  will  force  it  against  both,  rather  than  away  from  one.  Fig.  14 
shows  a  piece  of  work  held  by  a  cam  which,  by  means  of  the  handle, 
forces  the  work  inward  and  in  the  direction  of  the  arrow,  thus  hold- 
ing it  against  the  locating  pins  a  a  and  the  end  stop  h.  In  order  to 
get  as  much  pressure  as  possible  with  a  cam,  it  is  necessary  to  have 
the  portion  that  bears  against  the  work  when  it  is  against  the  locat- 
ing surfaces  nearly  concentric  with  the  screw  hole.  This  being  the 
case,  it  is  obvious  that  the  pieces  must  be  very  nearly  of  one  size, 
while  in  the  case  of  a  screw  binder  any  amount  of  variation  may  be 
taken  care  of.  Thus  it  will  be  seen  that  a  screw  may  be  used  where 
a  cam  would  not  answer.  However,  it  is  advisable  to  use  a  cam  in 
preference  to  a  screw  when  possible,  but  at  times  the  piece  of  work 
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may  be  subjected  to  repeated  jars  which  would  tend  to  turn  a  cam, 
thus  loosening  the  work.  In  such  cases  a  screw  Is  preferable.  If  a 
cam  would  be  In  the  way  when  putting  In  or  taking  out  work,  it  may 
be  made  removable,  as  shown  in  Fig.  16.  At  times  a  tapered  piece  of 
steel  in  the  form  of  a  wedge  may  be  used  to  hold  work,  as  shown  in 
Fig.  16. 

Simple  Forms  of  Drill  Jigs. 

When  many  pieces  are  to  be  drilled  in  a  Jig  made  in  the  simple  form 
shown  in  Fig.  17,  the  drill  wears  the  walls  of  the  holes,  enlarging 


Fig.  18.    Olunp  Screw  Mounted  in  itemoyable  Stud. 

them  sufficiently  to  render  accuracy  out  of  the  question.  Where  Jigs 
are  to  be  used  enough  to  cause  this  condition,  the  stock  around  the 
walls  of  the  hole  may  be  hardened,  if  the  jig  is  made  from  a  steel  that 
will  harden.  If  made  from  machinery  steel,  the  stock  may  be  case- 
hardened  sufficiently  to  drill  a  large  number  of  pieces  without  the 
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Fig.14 
Flffs.  14  and  10.    Bcoentrlo  Olamp  for  Simple  DrUl  Jlge. 

walls  wearing  appreciably.  This,  however,  would  not  answer  when 
accuracy  is  essential,  as  the  process  of  hardening  would  have  a  ten- 
dency to  change  the  location  of  the  holes. 

Quide  Bushings. 

When  the  jig  is  to  be  used  for  permanent  equipment,  or  where  many 
holes  are  to  be  dxilled,  it  is  customary  to  provide  bushings — guides — 
made  of  tool  steel  and  hardened.  These  are  ground  to  size  after  hard- 
ening, and  being  concentric,  may  be  replaced,  when  worn,  by  new  ones 
of  the  proper  size.  It  is  the  common  practice  to  make  bushings  for 
drill  jigs  on  the  same  general  lines  as  shown  in  Fig.  18,  the  upper 
end  being  rounded  to  allow  the  drill  to  enter  the  hole  readily.  A  head 
is  provided,  resting  on  the  surface  of  the  jig;  the  portion  that  enters 
the  hole  in  the  jig  is  straight,  and  is  ground  to  a  size  that  insures 
its  remaining  securely  in  place  when  in  use. 

If  the  hole  is  sufficiently  large  to  admit  a  grinding  wheel,  it  is 
ground  to  size  after  hardening.     In  such  cases  it  is,  of  course,  neces- 
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saiy  to  leave  the  hole  a  trifle  small — 0.004  inch — until  it  is  ground. 
If  the  hole  is  not  large  enough  to  allow  of  grinding,,  or  if  there  is 
no  means  at  hand  for  internal  grinding,  the  hole  may  be  lapped  to 
size  by  means  of  a  copper  lap,  using  emery  or  other  abrasive  material, 
mixed  with  oil.  When  the  hole  is  to  be  lapped  rather  than  ground, 
leave  a  smaller  amount  of  stock  to  be  removed  by  the  operation,  say 


Flff .  1«.    Wedffe  Aotliiff  %a  OUmp  In  Drtlt  Ji^. 

0.001  inch  or  0.0015  inch.  After  grinding  or  lapping  the  hole  to  size, 
place  the  bushing  on  a  mandrel  and  grind  the  outside  until  it  is  a 
pressing  fit  in  the  hole.  While  on  the  mandrel,  be  sure  to  grind  the 
under  portion  of  the  head,  a,  Fig.  18,  to  insure  its  being  true  with  the 


XX 


jifMAiiMry.  ir.r. 
Fig.  17.    Simple  Form  of  Drill  Jig  without  Bnsblna  •. 

body.  Before  starting  to  grind  the  outside  of  the  bushing,  test  the 
mandrel  for  truth.  This  should  be  done  after  placing  the  bushing  on 
It  rather  than  before. 

It  is  the  custom  in  a  few  shops  to  make  the  outer  portion  of  bush- 
ings tapered,  as  shown  in  Fig.  19.  Unless  there  is  a  sufficient  reason 
for  so  doing,  this  is  to  be  avoided,  as  the  operation  of  making  a  tapered 
hole,  unless  it  is  bored  on  the  taper  with  an  inside  turning  tool,  is  not 
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likely  to  produce  a  hole,  the  axis  of  which  is  at  the  desired  angle  to 
the  surface  of  the  jig.  The  outer  portion  of  the  bushing  can  easily  be 
ground  to  the  desired  taper,  but  there  is  the  liability  of  a  particle 
of  dust  getting  in  the  hole  when  placing  the  bushing  In  the  Jig.    A 


Fig.18 


Fig. 19 
Pl8«  18  and  10.    Bashings  for  DrlU  Jigs. 

tapered  bushing,  in  order  to  get  the  proper  taper,  necessarily  costs 
a  great  deal  more  than  a  straight  one,  and  cannot  answer  the  purpose 
any  better,  and  probably  not  as  well. 

Tj^es  of  Drill  Jlg-s. 

The  shape  and  style  of  the  jig  must  depend  on  the  character  of  the 
work,  the  number  of  pieces  to  be  drilled,  and  the  degree  of  accuracy 
essential.  It  may  be  that  a  simple  slab  jig  of  the  design  shown  in 
Fig.  20  will  answer  the  purpose;  if  so,  it  would  be  folly  to  make  a 
more  expensive  tool.  If  we  are  to  drill  a  piece  of  work  of  the  design 
shown  to  the  left  in  Fig.  21,  and  but  one  hole  is  to  be  drilled  in  each 
piece,  then  a  jig  made  in  the  form  of  an  angle  tron,  as  shown  to  the 
right  in  Fig.  21,  works  nicely,  and  is  cheaply  madt-     As  it  is  not  neces- 


Fiff.  20.    Slab  Ji8  of  Stmpleat  Dasign. 

sary  to  move  the  jig  around  on  the  drill  press  table  it  may,  after 
locating  exactly,  be  securely  fastened  to  the  table:  In  designing  such 
a  jig.  it  is  advisable,  when  possible,  to  have  the  work  on  the  side 
of  the  upright  shown  in  Fig.  21.  rather  than  on  the  opposite  side,  as 
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we  do  away  with  any  tendency  of  the  jig  to  tip  when  pressure  is 
applied  in  the  operation  of  drilling. 

Leaf  DrlU  Jigs. 

For  many  kinds  of  work  a  jig  provided  with  a  leaf,  as  shown  in 
Fig.  22,  gives  best  results,  as  the  leaf  may  be  raised,  and  the  work 
removed,  and  any  dirt  cleaned  from  the-  working  surfaces.  After 
placing  the  piece  to  be  drilled  in  the  Jig,  the  leaf  is  closed.  As  the 
bushings  are  in  the  leaf,  it  is  apparent  that  it  must  always  occupy 
the  same  relative  position  to  the  work  for  the  different  pieces,  or  they 
wUl  not  be  duplicates;  consequently,  the  fulcrum  pin,  a,  must  be  a 
perfect  fit  in  the  hole  in  the  leaf,  and  a  locating  pin  1>  is  provided  to 
prevent  any  tendency  of  the  leaf  to  move  from  the  action  of  the  drill 
when  cutting.  Jigs  provided  with  such  a  pin  show  less  tendency  to 
wear  in  the  joint  The  leaf  should  not  close  down  onto  the  work,  but 
onto  a  shoulder  on  pin  5.  as  shown,  there  being  a  space  between  the 
work  and  the  Jig  leaf. 


MtuMm»rp,N.r. 


Flc.  21    PlwM  to  be  DrlUed,  and  Jl^r  Used  for  this  Work. 

While  the  above  is  true  for  most  work,  a  jig  for  drilling  round  pieces 
may  be  designed  as  shown  in  Fig.  23,  the  holding  device  being  two 
V-shaped  blocks,  one  located  on  the  lower  portion  of  the  Jig,  while  the 
other  is  on  the  leaf,  as  shown.  In  the  case  of  a  jig  of  this  pattern, 
the  work  is  securely  held  by  binding  the  cylindrical  piece  by  pressing 
the  handles  of  the  jig  together. 

Jigs  Provided  with  Feet  or  Ijegs. 

When  Jigs  are  to  be  moved  around  on  the  table  of  the  drill  press,  as 
is  the  case  where  several  holes  are  to  be  drilled,  feet  or  legs  are  gen- 
erally provided,  as  shown  in  Fig.  22.  In  order  that  the  legs  may  not 
wear,  it  is  customary  to  harden  them.  The  legs  are  hardened  before 
they  are  placed  In  the  jig,  and  are  ground  and  lapped  true  while  In  the 
Jig.  As  the  only  wear  is  on  the  ends,  or  where  they  come  in  contact 
witu  the  drill  press  table,  it  is  customary  to  harden  only  the  ends 
which  rest  on  the  table.  In  most  shops  jig  legs  are  made  from  tool 
steel,  although  a  good  grade  of  open-hearth  steel  containing  sufflcient 
carbon  to  insure  its  hardening  answers  as  well  for  most  purposes     But 
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as  few  shops  carry  such  steel  in  stock,  crucible  tool  steel  is  generally 
used.  The  ends  of  the  legs  should  be  ground  true  with  the  seating 
surface — that  is,  where  the  work  rests — of  the  jig.  To  accomplish  this 
a  surface  grinder  should  be  used.  As  the  operation  of  grinding  leaves 
a  number  of  projections  on  the  surface  ground,  and  as  these  ridges 
or  projections  would  wear  away  as  the  legs  were  moved  back  and  forth 
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Flff.92.   Jiff  with  PlTotodLoAf. 


on  the  drill  press  table,  it  is  .advisable  to  remove  them  by  lapping  on  a 
flat  lap,  thus  producing  a  perfectly  smooth,  true  surface.  In  this  way 
we  reduce  the  wear  to  a  minimum. 

For  certain  classes  of  jigs  the  legs  may  be  short,  not  more  than 
%  inch  long;  but  for  jigs  of  the  style  shown  in  Fig.  22,  where  the 
tool  Is  held  in  the  hand,  it  is  necessary  to  make  the  legs  longer  to 
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Fiff.  28.    Part  of  Jiff  with  PiToted  Jjemi,  Showing  Mothod  of  Holding  Bound  Work. 

keep  the  fingers  from  coming  in  contact  with  the  chips  on  the  drill 
press  table.  The  legs  should  be  located  so  as  to  do  away  with  any 
tendency  of  the  jig  to  tip  up  when  the  work  is  being  drilled. 

Relation  Between  Accuracy  of  Jigs  and  Accuracy  of  Machines  on' 
which  They  are  Used. 

While  it  is  necessary  to  observe  extreme  care  in  design^ing  drill  Jigs 
to  prevent  any  tendency  of  the  jig  to  tip,  and  to  have  the  legs  ground 
and  lapped  on  a  true  plane,  it  is  just  as  necessary  that  the  drill 
press  table  should  be  perfectly  at  right  angles  to  the  spindle,  and  that 
it  should  be  true  and  flat.  Otherwise,  the  holes  will  not  be  at  the 
desired  angle  with  the  working  surface  of  the  work. 

In  shops  where  Interchangeable  work  is  produced,  or  where  the 
work  must  in  all  respects  be  machined  correctly,  the  condition  of  the 
various  machines  is  closely  watched,  and  especially  such  parts  of  the 
machines  as  affect  the  accuracy  of  the  finished  product.  Drill  press 
tables  are  planed  over  when  out  of  true,  or  are  lined  up  to  insure  their 
being  at  right  angles  to  the  spindles  of  the  drill  press.  This  may  be 
done  by  placing  a  bent  wire  in  the  drill  chuck,  the  wire  being  bent 
so  that  it  will  describe  as  large  a  circle  as  possible,  and  yet  be  free 
to  swing.    The  end  of  the  wire  is  bent  so  that  the  point  will  come  in 
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contact  with  the  table.    By  loosening  the  screws  holding  the  table,  and 
inserting  "shims/'  It  may  be  trued  as  desired. 

Locating  the  Holes  for  the  Drill  Bushinsrs- 
When  making  Jigs,  the  part  of  the  work  that  calls  for  the  best  work- 
manship Is  locating  the  holes  for  the  drill  bushings.  The  methods 
employed  differ,  but  should  depend  on  the  character  of  the  work. 
Where  accuracy  Is  not  essential,  It  is  the  custom  many  times  to  take  a 
piece  of  work  that  is  right,  or,  rather,  one  where  the  holes  are  drilled 
near  enough  right,  place  this  in  the  Jig  and  transfer  the  holes  into  the 
Jig.  As  it  is  necessary  to  leave  the  bushing  holes  in  the  jig  consider- 
ably larger  than  the  holes  in  the  work  in  order  to  have  sufficient  stock 


around  the  holes  in  the  bushing,  those  In  the  jig  may  be  enlarged  by 
means  of  a  counterbore,  the  pilot  of  which  fits  nicely  in  the  transferred 
holes,  and  with  a  body  the  size  of  the  desired  hole.  When  this  method 
would  not  insure  desired  accuracy,  several  other  methods  may  be 
employed. 

Making  a  Jig  from  a  Sample  Piece  or  Model. 

If  a  model  of  the  work  to  be  done  Is  at  hand,  a  jig,  as  shown  in 
Fig.  22,  may  be  made  in  the  following  way:  The  leaf  is  raised  and 
the  model  put  in  place.  The  Jig  is  fastened  to  the .  faceplate  of  the 
lathe,  the  leaf  still  being  raised.  By  means  of  a  center  Indicator  the 
Jig  is  located  so  that  one  hole  of  the  model  runs  true;  the  leaf  is  then 
closed  and  the  hole  is  drilled  through  it,  and  then  bored  with  a  boring 
tool  to  the  desired  size.  Never  ream  a  bushing  hole  In  a  Jig,  or  any 
similar  hole  in  any  piece  of  work,  where  the  finished  hole  must  be 
exactly  located,  as  a  reamer  is  liable  to  run  out  somewhat,  and  thus 
affect  the  accuracy  of  the  work.  A  reamer,  if  properly  made  and  used, 
will  produce  a  round,  true  hole,  accurate  as  to  size,  and  Is  a  valuable 
tool  for  many  purposes,  and  holes  of  a  uniform  size  may  be  produced. 
But  on  account  of  the  stock  being  uneven  in  texture,  or  on  account  of 
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blow  holes  in  castings,  a  reamer  is  liable  to  alter  its  course  and  so 
change  the  location  of  the  hole.  While  for  many  purposes  this  slight 
alteration  of  location  might  be  of  no  account,  yet  for  work  where  accu- 
racy is  essential,  it  is  out  of  the  question. 

After  drilling  and  boring  the  first  hole,  the  jig  may  be  moved  on 
the  faceplate,  and  the  other  holes  produced.  It  is  obvious  that  in 
order  to  produce  holes  that  will  be  at  right  angles  to  the  base  of  the 
Jig,  the  faceplate  of  the  lathe  must  run  true,  and  should  be  tested 
each  time  it  is  used  for  any  work  where  accuracy  must  be  observed. 

Method  of  Locatlnfir  Holes  When  Accuracy  Is  not  Bssential. 

Where  there  is  no  model,  and  it  is  not  considered  advisable  to  make 
working  models  of  the  various  parts,  the  location  of  the  bushing  holes 
may  be  obtained  by  laying  out  the  various  points  on  the  jigs.  In  such 
cases  a  drawing  is  usually  furnished,  and  the  dimensions  on  same  are 
transferred  to  the  face  of  the  jig.  If  it  is  not  necessary  to  have  the 
holes  exact  as  to  measurements^  the  laying  out  may  be  done  with  a 
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Plflr.  20.    Angle  Iron  with  Orooye  fbr  Scale. 

surface  gage,  the  point  of  the  needle  being  set  to  a  scale.  The  scale 
may  be  clamped  against  an  angle  iron,  as  shown  in  Fig.  24,  or  an  angle 
iron  may  have  a  groove  of  the  width  of  the  scale  cut  across  its  face 
at  right  angles  to  the  base,  as  shown  in  Fig.  25.  The  scale  should  be 
a  good  fit  in  the  groove,  so  fitted  that  it  will  stay  securely  at  any 
point  from  frictional  contact  with  the  sides  of  the  slot,  or  a  spring  may 
be  so  arranged  as  to  insure  the  proper  tension. 

Method  Assorinfir  a  Fair  Degree  of  Accuracy. 

Where  greater  accuracy  is  essential,  the  working  points  should  be 
obtained  by  means  of  a  height  gage,  as  shown  in  Fig.  26.  By  means 
of  such  a  tool  the  measurements  may  be  fairly  accurate,  as  the  Vernier 
scale  allows  of  readings  to  one  thousandth  inch.  When  the  lines  have 
been  scribed  at  the  proper  locations  they  are  prick  punched.  In  order 
to  prick  punch  exactly  at  the  intersection  of  lines  the  operator  must 
wear  a  powerful  eye-glass,  and  use  a  carefully  pointed  punch,  ground 
to  an  angle  of  60  degrees.  If  the  punch  marks  are  Qiade  very  light  at 
first,  the  exact  location  may  be  observed  nicely.  The  punch  marks 
should  not  be  deep,  as  there  is  a  liability  of  alteration  of  location  if 
the  punch  is  struck  with  heavy  blows.  After  the  various  points  have 
been  located  and  punched,  the  Jig  may  be  clamped  to  the  faceplate 
of  the  lathe,  and  the  bushing  holes  carefully  drilled  and  bored  to  size. 
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At  times  jigs  are  made  of  such  size  and  design  that  it  seems  wise 
to  core  the  bushing  holes.  In  such  cases  it  is  necessary,  in  order  that 
we  may  lay  out  the  location  of  the  centers  of  desired  holes,  to  press 
a  piece  of  sheet  steel  or  sheet  brass  into  the  cored  hole,  as  shown  in 
Pig.  27,  and  locate  the  center  on  this  piece.  When  the  holes  are  prop- 
erly located  for  machining,  the  sheet  metal  may  be  renibved  and  the 
holes  finished  to  the  desired  size.  If  an  error  of  0.001  or  0.002  inch  is 
not  permissible,  the  method  described  above  should  not  be  employed. 

Method  Bmployed  for  Hicrhest  Degree  of  Accuracy. 

Where  extreme  accuracy  is  essential  we  must  locate  round  pieces  of 
steel  on  the  face  of  our  work.  These  pieces  of  steel  are  called  buttons 
and  are  of  exact  size  and  perfectly  round.  To  do  away  with  any  pos- 
sibility of  their  homing  bruised  in  any  way,  they  are  hardened  and 
carefully  ground  to  size.  The  buttons  are  attache^;  to  the  work  by 
means  of  machine  screws,  as  shown  in  Fig.  28,  the  holes  in  the  but- 
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tons  being  larger  than  the  screws  used;  this  difference  In  size  allows 
US  to  move  the  button  until  it  is  accurately  located.  The  diameter  of 
the  buttons  should  be  some  standard  size,  easily  divisible  by  two, 
because,  in  making  our  computations  we  only  consider  the  distance 
from  the  center  of  the  button  to  its  circumference,  that  is,  the  radius. 
When  we  start  to  lay  out  the  centers  for  the  bushing  holes  we  first 
determine  our  working  surface,  then  lay  out  on  the  face  of  the  jig,  by 
means  of  a  surface  gage,  as  described  in  a  previous  operation,  the 
centers  of  the  holes  to  be  produced.  We  then  drill  and  tap  screw  holes 
to  receive-  the  screws  to  be  used  in  holding  the  buttons  to  the  jig. 
When  we  have  prick-punched  the  surface,  and  before  drilling  the  holes, 
we  scribe  by  means  of  dividers  a  circle  of  the  size  of  the  button  on 
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the  face  of  the  Jig  with  the  punch  nistrk  as  center.  This  enables  us  to 
approximately  locate  the  button.  If  the  hole  to  be  produced  has  its 
center  2  inches  from  the  base  a  an4  4  inches  from  vertical  side  b, 
Fig.  29,  we  would  locate  the  button — provided  it  was  %  Inch  diameter — 
1%  inches  from  a,  and  3^4  inches  from  I).  This  can  be  done  accurately 
by  use  of  a  Vernier  caliper,  or  we  cac  lay  the  jig  on  the  side  h,  and 
by  means  of  a  length  gage,  or  a  piece:>  of  wire  filed  to  the  right  length, 
accurately  determine  the  distance  from  h  to  the  button.  The  Jig  is 
then  placed  on  the  base  a  and  the  other  dimension  obtained  in  the 
same  manner.  The  buttons  may  be  located  more  easily  by  the  use  of 
a  Vernier  height  gage,  if  one  is  at  hand. 

If  there  are  to  be  several  bushings  on  the  face  of  a  jig,  a  button 
may  be  accurately  located  where  each  hole  is  to  be.  The  jig  may  be 
clamped  to  the  faceplate  of  the  lathe  so  that  one  button  is  located  to 
run  exactly  true.    This  Is  done  by  means  of  a  lathe  indicator.    When 
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the  jig  has  been  so  located  that  the  button  runs  perfectly  true,  the 
button  may  be  removed  and  the  hole  enlarged  by  means  of  a  drill,  so 
that  a  boring  tool  can  be  used  to  bore  it  to  the  proper  diameter. 

LooatinfiT  the  Holes  on  the*  Milling  Machine. 

In  some  shops  it  is  not  considered  advisable  to  locate  a  button  at 
the  desired  position  of  each  bushing  hole.  One  button  is  located  and 
the  jig  is  fastened  to  the  table  of  a  milling  machine  having  a  corrected 
screw  for  each  adjustment.  Then,  after  one  hole  is  accurately  located 
and  bored,  it  is  a  comparatively  easy  matter,  by  means  of  the  graduated 
dials,  to  obtain  the  other  locations;  however,  this  method  should  never 
be  used  unless  the  machine  has  all  its  movements  governed  by  "cor- 
rected" screws,  as  the  screws  ordinarily  sent  out  on  milling  machines 
are  not  correct  as  to  pitch,  and  if  used,  serious  defects  in  measurements 
will  result. 

Fig.  30  shows  a  jig  clamped  to  an  angle  iron  on  the  table  of  the 
milling  machine.  The  angle  iron  is  located  exactly  in  line  with  the 
travel  of  the  table,  and  the  jig  fastened  to  it.    The  button  D,  which  has 
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previously  been  accurately  located,  senres  as  a  starting  point,  and  the 
jig  must  be  located  so  that  the  button  is  exactly  in  line  with  the 
spindle  of  the  machine.  This  is  accomplished  by  moving  the  table 
until  the  sleeve  A  on  the  arbor  B  will  Just  slide  over  the  button  D. 
The  hole  in  A  must  be  a  nice  sliding  fit  on  the  arbor  B  and  also  on 
the  button  D.    In  order  to  insure  accuracy,  the  arbor  B  must  be  turned 
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Flir*98.    Buttons  forliooatlnff  Holes  In  JiffS. 

to  Size  in  the  spindle  Just  as  it  is  to  be  used;  or,  if  a  portable  grinder 
is  at  hand,  the  arbor  may  be  fitted  to  the  spindle  hole  or  to  the  collet, 
as  the  case  may  be;  the  portion  which  receives  the  sleeve  A  may  be 
left  a  trifle  large,  and  may  be  ground  to  size  in  place  on  the  machine. 
The  portable  grinder  is  located  on  the  table  of  the  machine. 

After  the  Jig  has  been  accurately  located  so  that  the  button  D  allows 
the  sleeve  A  to  slide  over  it,  the  arbor  B  may  be  removed  from  the 
spindle,  and  a  drill  be  employed  to  increase  the  size  of  the  tapped  screw 
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hole  that  received  the  screw  used  in  fastening  the  button.  Best  results 
follow  if  a  straight-fluted  drill,  as  shown  in  Fig.  31,  is  used.  The  drill 
should  not  project  from  the  chuck  or  collet  any  further  than  necessary, 
thus  insuring  the  greatest  rigidity  possible.  After  drilling,  a  boring 
tool  of  the  form  shown  in  Fig.  32  may  be  substituted  for  the  drill, 
and  the  hole  bored  to  size.    The  machine  may  now  be  moved  to  position 
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for  the  next  bushing  hole  by  observing  the  dimensions  given.  The 
operator  should  bear  in  mind  that  the  screw  used  in  getting  the  spac- 
ings  must  be  turned  in  the  same  direction  at  all  times,  otherwise  the 
backlash  will  render  accuracy  out  of  the  question. 


Pl«.  so.   IiOo»tliiff  Holes  In  the  KUlin^  ICaohlne. 

While  the  foregoing  relates  to  plain  jigs,  the  same  principles  apply 
to  those  of  more  complicated  design.  In  the  next  chapter  attention 
will  be  given  to  a  different  and  original  method  of  locating  the  holes 
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Pl#e.81  and  89.    Straight  Flnted  DriU  and  Inserted  Onttor  Boring  TooL 

in  jigs,  using  the  drill  press  for  this  work  exclusively,  and  Chapter  III 
will  be  devoted  to  examples  of  actual  designs  of  drill  jigs,  showing 
how  the  elementary  principles  outlined  above  are  employed  in  the 
practice  of  the  machine  shop. 
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DRILLING  JIG  PLATES. 

A  description  of  the  following  method  of  drilling  Jig  plates  was  con- 
tributed to  the  columns  of  Machinery,  October,  1902,  by  Mr.  J.  R.  Gor- 
don. The  method  being  radically  different  from  any  of  those  in  com- 
mon use,  it  has  been  deemed  proper  to  mention  this  method  in  connec- 
tion with  other  methods  for  locating  the  holes  in  jigs  already 
referred  to. 

In  the  case  in  question,  a  great  many  Jigs  were  to  be  made,  and  the 
positions  of  the  drill  bushings  were  to  be  accurate  within  0.001  inch. 
The  procedure  was  as  follows:  The  regular  work-table  from  an  ordi- 
nary sensitlYe  drill  press  of  the  usual  pattern  was  removed,  and  substi- 
tuted by  one  of  larger  dimensions,  as  this  was  called  for  by  the  size  of 
the  Jig  plates  to  be  made. 

This  table  was  first  planed  on  the  face  and  edges,  and  the  stem,  by 
which  it  is  held  in  the  bracket  on  the  column  of  the  press,  was  turned 
to  fit  snugly  the  hole  in  the  bracket.  After  planing  and  turning  the 
table,  a  series  of  holes  was  drilled,  as  shown  in  Fig.  34,  and  they  were 
tapped  to  receive  a  No.  14-20  screw.  Two  parallel  pieces  C  and  D, 
Fig.  34,  having  straight  edges  and  a  thickness  of  %  of  an  inch,  were 
made.  These  may  be  clamped  to  the  table  in  such  position  as  may  be 
desired  or  the  work  determine,  the  series  of  holes  permitting  any 
adjustment  within  the  range  of  the  table.  In  order  to  make  more  room 
between  the  spindle  and  the  column  of  the  drill  press,  the  spindle 
head  was  blocked  out,  the  block  having  a  projecting  lug,  as  shown  at 
A,  Fig.  33,  to  which  a  bracket,  JF*,  was  fastened  to  carry  the  bushing,  B, 
This  bushing  is  fastened  by  a  screw  and  can  readily  be  removed  and 
others  inserted,  having  various  sizes  of  holes,  if  found  desirable.  These 
preparations  were  all  that  were  necessary  with  the  exception  of  the 
gages  that  will  be  described  in  the  operation  of  the  method  for  spacing, 
which  is  as  follows. 

The  plate  to  be  drilled  had  a  number  of  holes  spaced  as  shown  in 
Fig.  84,  and  before  drilling  them  they  were  marked  as  Nos.  1,  2,  3, 
etc..  No.  1,  as  will  be  seen,  being  the  upper  lefMuind  hole.  Its  loca- 
tion with  reference  to  either  end  or  sides  of  the  plates  did  not  require 
to  be  very  exact;  but  other  plates  may  need  to  have  holes  placed  at 
some  definite  distance  from  the  edges  or  ends,  so  it  may  be  assumed 
that  the  distance  is  6  inches  from  the  edge,  G,  and  8  inches  from  the 
end,  H, 

With  these  distances  given,  make  two  gages,  using  vernier  or 
micrometer  calipers  for  standard,  and  make  them  6^  and  8^  inches 
long,  respectively.  Remove  the  bushing,  B,  Fig.  33,  and  in  its  place 
insert  a  plug  having  a  diameter  of  M  inch. 

Resting  the  6^  gage  on  the  table,  and  with  one  end  touching  the 
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plug,  the  parallel  piece,  C,  Fig.  34,  is  brought  to  just  touch  the  other 
end  of  the  gage  and  is  then  clamped  to  the  table.  This  is  not  very 
difficult  if  one  end  of  the  parallel  is  left  free  and  the  other  end 
is  clamped  tight  enough  to  permit  the  free  end  to  move  somewhat 
stiffly.  After  locating  and  clamping  the  parallel,  0,  the  other  parallel 
is  clamped  in  position,  but  it  must  be  placed  square  with  the  first 


Fiff.  88.    DrUl  Press  arranged  fbr  DrUllnff  Jiff  Plates. 


parallel.  This  is  more  difficult  than  in  the  first  case,  but  is  not  at  all 
difficult  if  one  man  can  be  employed  to  clamp  the  piece  while  another 
holds  the  square  and  gage.  The  reason  for  making  the  gages  S%  and 
8^  inches  long  instead  of  ^%  and  7%  Inches,  respectively,  is  that  it  is 
not  desirable  to  have  the  edges  of  the  plate  touch  against  the  parallels, 
as  chips  could  get  between  the  two  and  destroy  the  accuracy  of  the 
measurements;  allow  the  gage  to  be  %  inch  longer  than  the  distance 


Digitized  by 


Google 


DRILLING  JIG  PLATES. 


23 


required,  and  fill  in  the  space  with  %  inch  diameter  gages,  as  shown 
in  Pig.  34. 

For  gages  over  1  inch  in  length  use  flat  l^rass  rods  or  strips  about 
%  inch  wide  and  %  inch  thick,  and  cut  them  a  little  longer  than  the 
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Flff.  84.   PUte  la  Poaltlon  for  DiiUtaiff  First  Hole. 

finished  length.  One  end  is  finished  square  and  the  other  end  is 
rounded  as  ^own  in  Fig.  35.  In  making  the  gage,  if  too  much  metal 
is  removed,  it  is  an  easy  matter  to  pene  the  stock  out  to  make  up 
for  any  reasonable  error.  The  length  of  the  gage  is  stamped  on  it,  and 
when  the  operation  is  completed  it  is  put  away  for  future  use. 
Having  located  the  parallels,  the  plug  is  removed  from  the  bnMket 
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and  the  bushing  replaced.  The  drill  should,  of  course,  fit  as  snugly 
to  the  hole  in  the  bushing  as  it  can  and  run  without  cutting.  The 
bushing  should  support  the  drill  to  within  a  distance  equal  to  the 
diameter  of  the  drill  from  the  plate  to  be  drilled,  and  care  should  be 
taken  not  to  drill  through  the  plate  until  all  the  holes  have  been 
started.  After  drilling  the  first  hole,  to  place  the  plate  for  the  second 
hole,  distant  2  inches  from  the  first,  it  is  moved  along  the  parallel,  C, 
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and  a  gage  2%  inches  long  placed  as  shown  In  Fig.  36,  and  when  so 
placed. is  ready  for  drilling.  The  third  hole  requires  three  new  gages, 
since  it  is  1  inch  off  the  line  of  the  other  two  holes,  as  shown  in  Fig.  37. 
For  holes  which  are  to  be  finished  3A6  inch  to  %  inch  in  diameter, 
use  first  a  small  drill,  size  No.  52  to  No.  30.  After  the  holes  are  all 
drilled  to  this  size,  then  enlarge  them,  by  the  use  of  a  series  of  four  lip 
counterbores,  to  the  required  size.  Where  extreme  accuracy  is 
reqmired,  in  the  place  of  the  counterbore,  a  small  boring  bar  may  be 
substituted  and  the  holes  bored  to  the  size  desired.  One  disadvantage 
of  using  a  boring  tool  is  that  it  requires  a  hole  in  the  table  equal  to 
the  largest  hole  to  be  bored  out,  or  that  the  plate  shall  be  kept  clear 
of  the  table  by  blocking  up  with  parallel  strips  under  it 


Flir-80.   Plate  In  PoalttonfbrDrim&g  Second  Hole. 

Fig.  38  shows  a  form  of  boring  tool  which  will  be  found  very  oon- 
▼enient  for  use  on  this  kind  of  work.  It  consists  of  the  shank,  A, 
which  is  fitted  to  the  taper  hole  in  the  spindle,  and  a  split  holder,  B, 
which  is  pivoted  to  the  shank  at  C,  and  is  locked  to  it  at  D;  the  screw 
at  D  serving  to  clamp  the  boring  tool,  E,  at  one  end,  while  F  damps 
it  at  the  other  end.  Adjustment  is  obtained  by  swinging  the  holder, 
the  radial  slot,  G,  allowing  it  to  have  quite  a  range,  and  the  top  screw, 
H,  permitting  fine  adjustment.  Split  bushings  in  the  holder  will  allow 
the  use  of  boring  tools  of  smaller  diameter  if  desired. 
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This  method  of  locating  holes  is  not  limited  to  the  drill  press,  but 
may  be  employed  to  advantage  on  the  faceplate  of  a  lathe.  In  thia 
case,  the  work,  as  soon  as  located  by  the  gages,  is  clamped  to  the  face- 
plate. 

While  this  method  was  originated  for  drilling  holes  in  jig  plates,  it 
may  be  used  with  equal  success  for  drilling  small  interchangeable 
pieces.  It  is  not  necessary  that  the  edges,  Q  and  S,  be  planed  at  right 
angles,  as  the  same  results  will  be  obtained  if  the  surface,  Q,  is  planed 
true  and  a  finished  spot  provided  at  K,  from  which  point  all  measure- 
ments to  the  parallel,  D,  are  made. 
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Flff .  8*7.   Plate  In  Position  for  Drming  Third  Hol«. 

Mr.  Qordon  claims  that  this  system,  has  certain  advantages  over  the 
button  methods  used  on  the  milling  machine.  In  the  first  place,  the 
feed-screws  on  nearly  all  milling  machines  are  not  correct,  and  in  some 
shops  the  tool  equipment  is  so  badly  worn  as  to  make  the  use  of  the 
feed-screws  out  of  the  question  for  accurate  work.  However  accurate 
a  screw  on  a  milling  machine  is  when  new,  it  soon  loses  its  truth 
under  ordinary  conditions  of  machine  shop  practice,  since  only  a  small 
I>ortion  of  the  screw  is  used  to  do  most  of  the  work  of  driving  the 
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table.  In  the  second  place,  Mr.  Gordon  claims  that  his  method  is 
quicker,  the  supposition  being  that  the  necessary  appliances,  such  as 
parallels,  brackets,  bushings,  etc.,  are  made  and  ready  for  use;  and 
finally,  that  there  ia^fif  very  small  chance  for  errors,  provided  that 
the  gages  used  are  marked  distinctly. 

These  assertions,  hoVever,  called  forth  considerable  comment  in  the 
columns  of  Machineby.  Mr.  Frank  E.  Shailor,  in  particular,  took  issue 
with  Mr.  Gordon  on  account  of  these  assertions  and  claimed  that  there 
were  considerable  chances  for  errors.  Mr.  Gordon,  however,  defended 
his  method,  pointing  out  that  most  of  Mr.  Shailor's  objections  were 


Flir*  88.    Borl&tf  Tool. 

of  little  consequence,  provided  proper  precautions  were  taken.  Other 
contributors  added  thkr  word  to  the  discussion,  some  siding  with  Mr. 
Gordon,  and  some  admitting  that  the  methods  used  both  by  Mr.  Gordon 
and  Mr.  Shailor  would,  under  proper  circumstances,  be  correct  to  use. 
It  is  not  possible  in  this  treatise  to  give  place  to  what  was  more  a 
personal  controversy,  than  of  direct  bearing  upon  the  subject  of  drill 
jig  design.  It  may,  however,  be  proper  to  mention  that  the  discus- 
sions on  this  subject  appeared  in  the  July,  August,  September  and 
November,  1904,  and  the  January  and  February,  1905,  issues  of 
Machinebt. 
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EXAMPLES  OF  DRILL  JIGS. 

In  the  following  will  be  glyen  a  number  of  examples  of  drill  jig 
designs  for  definite  purposes,  as  employed  in  various  shops  in  the 
country.  No  attempt  has  been  made  to  show  only  jigs  of  which  it  can 
be  said  that  the  design  is  perfect,  or  nearly  so,  but  examples  have  been 
taken  which  indicate  general  practice,  and  attention  has  been  called 
to  wherein  these  jigs  conform  to  the  principles  of  drill  jigs  as  treated 
in  Chapter  I,  and  also  to  the  objections  that  might  be  raised  against 
each  particular  design,  if  such  objections   have  been  considered   in 
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Fiff .  89.    Jiff  for  DrUllnff  Holes  in  Studs  and  Shafts. 

place.  The  names  of  the  persons  who  originally  contributed  the 
descriptions  of  the  devices  shown  to  the  columns  of  Machinebt  have 
been  given  in  notes  at  the  foot  of  the  pages,  together  with  the  month 
and  year  when  their  contribution  appeared. 

Jigs  for  Drilling  Pin  Holes  in  Shafts. 
Usually*  the  simplest  kinds  of  jigs  are  those  intended  for  drilling  a 
hole  through  the  center  of  a  shaft     They  often  consist  only  of  a 
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V-block,  In  which  the  work  rests,  and  a  cover  of  the  simplest  design, 
containing  the  guide  bushing.  Sometimes,  however,  they  are  made 
more  universal;  the  cuts  Figs.  39  and  40,  show  two  such  designs. 

The  jig  in  Fig.  39  is  intended  for  drilling  pin  holes  in  comparatively 
short  studs,  and  will  handle  a  variety  of  such  worK  with  great  rapidity. 
The  drill  bushing  A  can  be  removed  and  bushings  with  different  size 
holes  inserted.  The  bushing  holder  B  can  be  raised  or  lowered  to  suit 
different  diameters  of  work.  The  V-block  C  is  fixed,  while  block  D  is 
adjustable  by  means  of  the  screw  E  for  different  lengths  of  studs.  By 
fastening  a  strap  to  the  device  by  screw  F,  and  providing  this  strap 
with  an  adjustable  screw  in  line  with  the  V's,  studs  can  be  gaged  from 
the  end  instead  of  from  the  shoulder,  which,  when  used  for  gaging, 
rest  against  the  sides  of  either  of  the  V-blocks.  The  manner  in 
which  this  jig  is  used  lends  itself  well  to  a  variety  of  work  of  all 
descriptions.* 


Plff.  40.    Jiff  for  Drilling  Holes  lo  BtaaftB. 

This  jig  is  a  simple,  yet  efficient  and  characteristic,  example  of  the 
adjustable  type  of  jig.  It  will  be  noticed  that  the  design  does  not 
provide  for  any  clamping  device  for  the  work  to  be  drilled;  this  is  on 
account  of  that  in  this  case  the  holes  to  be  drilled  are  so  small,  com- 
pared with  the  diameter  of  the  shaft  or  stud,  that  the  stud  will  stay 
in  place  by  its  own  weight,  or  by  pressure  of  the  hand  on  its  upper 
side,  the  V-groove  aiding  materially  in  keeping  the  work  in  position. 

The  device  shown  in  Fig.  40  is  another  example  of  an  adjustable  jig 
for  this  class  of  drilling.  This  tool  has  proved  to  be  of  the  greatest 
convenience  for  drilling  shafts,  spindles  or  other  round  pieces.  The 
bass)  A  is  dovetailed  and  fitted  with  a  lead-screw,  which  moves  the 
slide  B  in  and  out.  Upon  this  slide  is  mounted  the  adjustable  V-block 
C,  which  can  be  tipped  at  any  desired  angle  for  oblique  drilling,  or  set 
perpendicularly  to  hold  the  shafts  in  position  for  end  drilling.  The 
adjustable  stud  D  is  placed  under  the  outer  end  of  the  block  to  hold  it 
firmly  in  any  set  position.  The  arm  E  is  adjustable  up  and  down,  for 
different  sized  shafts,  and  is  supplied  with  a  complete  set  of  bushings 
for  use  with  drills  of  different  diameters.  When  mortising  bars,  in- 
tended to  be  used  as  holders  for  facers,  boring  cutters,  counterbores 


•  Paul  W.  Abbott,  August,  1907. 
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with  interchangeable  blades,  etc.,  the  work  is  clamped  into  the  V  with 
the  clamp  F,  and  then,  after  the  first  hole  has  been  drilled,  the  slide 
is  moYed  along  for  a  distance  equal  to  the  diameter  of  the  drill  and 
the  next  hole  drilled,  and  so  on.  By  this  method  any  number  of  holes 
can  be  drilled  in  perfect  line,  and  always  through  the  center  of  the 
bar.  By  the  use  of  a  stop  clamped  across  the  end  of  the  V-block,  the  at- 
tachment forms  a  Jig  which  can  be  used  for  a  great  variety  of  dupli- 
cate drilling.* 

A  jig  for  drilling  cotter-pin  holes,  which  facilitates  the  operation 
considerably  as  compared  with  the  way  it  is  commonly  done,  is  shown 
in  Fig.  41.  It  consists  of  two  pieces  of  steel  forming  a  clamp,  each 
piece  haying  a  V-groove  to  receive  difPerent  diameters  of  studs.    The 


Fi|r  41.    Jiir  for  DrlUlnff  Oottar-pln  Holes. 

upper  one  contains  two  holes  which  correspond  with  the  size  of  cotter- 
pins  desired.  Should  more  than  the  two  sizes  be  required,  extra  top 
pieces  can  be  used  with  the  same  bottom  piece.  Fart  of  the  upper 
piece  is  cut  away  on  each  side  in  line  with  the  edge  of  the  holes, 
which  allows  the  washer  to  be  used  to  be  inserted  at  the  recess,  and 
the  jig  then  clamped  In  position.  By  this  means  no  scribing  or  spot- 
ting is  necessary  and  a  much  better  Job  can  be  done.  Although  it  is 
shown  so  in  the  cut,  It  is  obvious  that  the  male  portion  of  the  joint 
need  not  be  in  position  when  drilling. 

Jigs  for  Drilling  Collars. 

The  jig  shbwn  In  Fig.  42  has  been  used  with  much  satisfaction  for 
drilling  set-screw  holes  in  collars.  The  collar  C  is  held  in  position  by 
means  of  the  three  locating  pins  D,  D,  JD,  and  the  swinging  clamp  E. 
In  order  to  place  a  collar  in  position  for  drilling,  the  strap  is  swung 


*  Boy  W.  Harris,  April,  1908. 
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to  one  side  about  the  hand  screw  G.  When  the  collar  has  been  put  in 
place  the  clamp  is  swung  back,  and  in  doing  so,  its  motion  is  limited 
by  the  pin  F,  which  brings  it  to  a  stop  directly  over  the  collar.  At 
the  top  of  the  Jig  is  a  bushing  B  through  which  the  drill  is  guided. 
When  the  outside  diameter  of  the  collars  is  likely  to  vary,  the  pins 
D,  D,  By  may  be  replaced  by  a  central  pin,  L,  as  shown  in  the  separate 
view  in  the  cut,  and  the  collar  held  on  this  while  it  is  being  drilled.* 

The  Jig  shown  in  Fig.  43  is  designed  for  drilling  the  holes  in  the 
center  of  collars,  and  the  method  of  drilling,  described  below,  also  sug- 
gests the  value  of  systematizing  the  work  in  using  jigs.  The  collars 
to  be  drilled  are  made  of  annealed  tool  steel  in  sizes  varying  in  thick- 
ness as  well  as  in  diameter  and  size  of  hole,  and  are  cut  off  from  the 


Flff .  42 .    JlflT  fbr  DrUllnff  Bet-sorew  Holes  In  CoUars. 

bar  on  the  cold  saw.  There  being  a  three-spindle  gang  drill  in  the 
shop,  which  was  idle  part  of  the  time,  it  was  decided  to  make  use  of 
it  in  the  production  of  these  collars.  Four  jigs  like  the  one  shown  in 
the  cut  were  made.  They  were  made  to  take  any  diameter  or  thickness 
of  collars  within  their  range.  The  body  of  the  jig  is  a  square  block  of 
steel,  with  the  hole  to  receive  the  collars  exactly  in  the  center.  The 
lower  end  is  threaded  left-hand  to  receive  the  piece  B,  which  has  a 
square  hole  in  the  center  to  receive  the  wrench  O.  The  ring  D  is 
bored  taper,  and  fits  the  collar  operated  upon  at  the  top  end  only,  so 
that  the  collars  will  drop  out  of  the  Jig  easily.  Different  rings  are 
made  to  fit  collars  of  different  diameters,  and  are  Just  an  easy  drive 
fit  in  A,  the  body  of  the  jig.  They  are  driven  out  with  a  soft  punch 
through  hole  E  in  piece  A,  Drill  bushings  F  are  also  interchangeable. 
Piece  O  is  a  distance  piece  used  when  drilling  thin  collars  in  order  to 
avoid  screwing  piece  B  into  the  jig  too  far.  It  is  apparent  from  the 
cut  that  these  pieces  are  made  to  fit  the  collar  at  one  end,  and  beveled 
at  the  other  to  center  In  piece  B.  The  reason  piece  B  is  threaded 
left-hand  is  as  follows:     If  the  collar  operated  upon  should  turn  in 

*  C.  H.  Bowe,  Jannaiy,  1903. 
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the  jig,  the  piece  B,  taking  the  thrust,  would  also  turn,  and  being 
threaded  left-hand  would  thereby  tighten  the  collar  in  the  Jig.  Piece 
H  is  a  channel  iron  the  function  of  which  is  to  hold  the  jigs  while  re- 
filling. In  operation,  one  of  the  jigs  is  placed  upon  the  drill  press 
table  under  each  spindle  between  flat  strips  I,  which  keep  the  jigs 
from  turning,  at  the  same  time  leaving  them  free  to  be  removed  for 
refilling.  It  will  be  seen  that  by  having  four  jigs,  and  a  three-spindle 
machine,  by  timing  them  so  that  they  will  finish  the  holes  one  after 
the  other,  it  will  give  plenty  of  time  to  refill  the  fourth  jig,  and  there- 
by, with  an  extra  drill  or  two  kept  sharpened  by  the  tool  grinder,  the 


Flff.43.    Jiff  fbrDriUlnff  Collars. 

machine  may  be  kept  In  constant  operation.  This  machine  is  equipped 
with  a  pump  keeping  a  constant  flow  of  cutting  fluid  on  the  drills.  As 
this  machine  is  also  handled  by  comparatively  cheap  labor,  a  saving 
of  almost  75  per  cent  was  shown  by  actual  test  over  methods  previ- 
ously employed  in  producing  these  collars  on  a  turret  lathe. 

If  it  were  not  possible  to  use  four  jigs  at  a  time  of  the  kind  just  de- 
scribed, three  being  in  operation,  while  one  is  in  the  hands  of  the 
operator  for  removing  the  drilled  piece  and  inserting  a  new  one,  there 
would  be  one  serious  objection  to  the  design  of  the  jig  shown.  The 
time  required  for  unscrewing,  and  again  tightening,  the  clamping  col- 
lar B,  being  threaded  for  its  full  length  into  body  A,  would  be  too  long 
to  permit  rapid  work.  Therefore,  in  a  case  where  but  one  jig  could 
be  used,  the  clamping  device  should  be  arranged  so  that  the  drilled 
piece  can  be  removed,  and  a  new  one  clamped  in  place  instantly.  This 
can  be  accomplished  by  some  kind  of  a  hinged  or  swinging  cover,  pro- 
vided with  a  threaded  binder;  one  half  turn  of  the  binder  would  be 
sufllcient  to  clamp  the  work.    In  the  case  in  hand«  however,  the  sys- 
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tern  of  using  the  jigs  makes  this  objection  of  less  consequence,  as  the 
operator  has  plenty  of  time  to  attend  to  one  jig  while  the  collars  in 
the  others  are  being  drilled. " 

Flange  Drilling  Jigs. 
Two  examples  of  flange  drill  jigs  are  giyen  in  Figs.  44  and  45.  The 
jig  in  Fig.  44  is  of  the  simplest  form  for  this  kind  of  work,  being 
merely  a  templet,  while  Fig.  45  shows  the  appearance  and  application 
of  a  more  universal  device,  provided  with  an  indexing  plate.  In 
cases  where  flanges  land  fittings  are  to  be  interchangeable,  or  to  be 
duplicated  at  different  times,  the  only  accurate  method  of  drilling  such 
fittings  is,  of  course,  by  means  of  a  jig  or  template  which  prevents  any 
error  arising  when  such  parts  are  duplicated. 


FiflT.  44.    Templet  Jiff  for  DrUltnv  Flanffes. 

The  templet,  Fig.  44,  combines  simplicity  and  cheapness.  The  ring 
proper  nuiy  be  made  from  a  companion  flange,  the  size  for  which  the 
template  is  to  be  used,  by  cutting  off  the  head  and  finishing  all  over,  the 
thickness  being  approximately  1  inch.  Diameter  B  is  made  equal  to  the 
outside  diameter  of  the  flange,  and  A  is  the  diameter  of  the  bolt  circle. 
A  removable  bushing,  such  as  shown  in  section  x-y,  is  used  and  moved 
from  hole  to  hole  as  required.  The  advantage  of  this  loose  bushing 
over  a  stationary  one  in  each  hole  is  obvious,  lessening  the  cost  of  the 
templet  more  than  one-half.  The  bushing  is  made  from  machine  steel, 
knurled  where  indicated,  and  hardened.  The  small  pin  prevents  the 
bushing  from  revolving  in  its  hole  with  the  drill.  In  such  cases 
where  a  drilling  job  calls  for  the  same  number  of  bolts  in  the  same 
bolt  circle,  but  different  sizes  of  bolts,  all  that  is  necessary  is  to  have 
two  bushings,  with  the  same  diameter  E,  while  G  is  made  to  corres- 
pond with  the  diameter  of  holes  required.* 

In  Fig.  45  an  adjustable  type  of  jig  and  the  work  for  which  it  is 
used  are  shown.  As  the  number  of  holes  in  the  work  to  be  drilled,  as 
well  as  the  diameter,  varies,  it  would  cost  considerable  to  make  indi- 
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Yldual  Jigs  to  do  the  work.  The  features  of  this  Jig  are  a  small  center 
plate,  provided  with  holes  for  indexing,  as  shown  at  the  center  of  the 
cut,  and  a  removable  arm  which  carries  the  drill  bushing.  The  Index 
plate  is  held  in  position  by  a  nut  on  the  under  side  of  the  work,  and 
the  position  of  the  arm  is  fixed  by  a  plug  or  pin  which  passes  through 
the  arm  and  into  the  plate.  The  bolt  at  the  outer  end  of  the  arm  is 
made  of  a  suitable  form  to  clamp  on  the  under  side  of  the  work,  and 
is  tightened  by  the  handle  shown,  which  avoids  the  use  of  a  wrench. 
By  loosening  this  handle  and  withdrawing  the  locating  plug,  the  arm 


Flflr.4G.    AOjustableFlanffeDrimnff  Jl«. 

can  be  turned  to  the  next  division,  the  plug  Inserted  and  the  hole 
drilled.  Different  diameters  may  be  drilled  by  using  arms  of  suitable 
length,  the  same  dividing  plate  answering  for  a  wide  range  of  sizes.* 

Jigs  of  the  description  shown  in  the  cuts,  Figs.  44  and  45,  are,  of 
course,  not  Intended  for  extreme  accuracy,  but  rather  for  combining 
the  objects  of  rapid  production  of  work  within  commercial  limits  of 
accuracy,  cheapness  of  tools,  and  possibility  of  accommodating  a  wide 
range  of  work  with    the  same  devices. 

Adjustable  Jigs. 

It  is  not  always  possible  to  provide  jigs  with  adjustable  features, 
particularly  not  when  a  great  degree  of  accuracy  is  required.    A  great 

*  M.  A.  Palmer,  Jane,  1907. 
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many  operations  in  the  shop,  however,  permit  of  so  wide  a  limit  of 
error  that  fairly  accurate  jigs  can  be  designed  which,  having  a  certain 
degree  of  flexibility,  will  accommodate  a  variety  of  work.  These  Jigs 
are  valuable  in  a  double  measure.  In  the  first  place  they  save  a  great 
deal  of  outlay  for  individual  jigs,  and,  secondly,  many  a  little  Job, 
for  which  no  individual  jig  would  be  warranted,  may  be  drilled  in  an 
adjustable  Jig  at  a  great  saving  of  time  and  gain  in  accuracy. 

The  Jig  shown  in  Fig.  46,  in  use  in  the  W.  F.  &  John  Barnes  shops, 
Rockford,  111.,  is  designed  with  the  purpose  of  securing  adjustability, 
so  as  to  adapt  the  Jig  to  pieces  of  different  shapes  and  dimensions.  The 
base  piece  A  supports  an  upright  F,  to  which  the  knee,  E,  is  bolted. 
This  knee  holds  the  drill  bushing  and  is  tongued  and  grooved  to  the 
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upright  so  that  it  may  be  raised  or  lowered  for  work  of  different 
heights.  The  work  is  held  by  two  slides,  B  and  O,  and  a  setscrew  D, 
The  lower  slide/  O,  has  a  tongue  fitting  in  a  groove  in  the  base  and 
one  end  is  V-shaped  to  give  support  to  the  lower  end  of  the  work, 
against  which  it  is  made  to  bear.  The  slide  B  has  a  tongue  fitting 
in  a  groove  in  the  top  of  the  lower  slide,  and  may  thus  be  adjusted  in- 
dependently of  the  latter. 

An  adjustable  jig,  also  provided  with  an  indexing  feature,  is  shown 
in  Fig.  47.  This  jig  is  intended  for  drilling  the  clearance  holes  in 
small  threading  dies.  As  these  holes  are  located  on  different  distances 
from  the  center  according  to  the  diameter  of  the  thread  the  die  is  in- 
tended to  cut,  one  jig  would  be  necessary  for  each  diameter  of  thread 
in  the  die,  although  the  outside  dimensions  of  the  die  blanks  are  the 
same  for  wide  ranges  of  diameters  of  thread.  To  overcome  the  neces- 
sity of  so  many  individual  Jigs,  an  adjustable  strap  or  slide  O  is  pro- 
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vided,  which  can  be  adjusted  to  drill  holes  at  different  radii  from  the 
center  of  the  blank,  and  will  locate  the  center  hole  in  the  blank  when 
a  mark  on  the  slide  coincides  with  the  "center  line"  graduation  on  the 
holder  plate.  The  die  blank  is  placed  in  holder  B,  being  secured  there- 
in by  the  setscrews  located  as  shown.  This  holder  is  readily  rotated, 
as  it  is  knurled  on  the  edge  of  the  flanges.  It  has  four  equally  spaced 
locating  holes,  into  which  locating  pin  D  enters.* 

MiBcellaneouB  Bxamples  of  Drill  Jigs. 

A  type  of  drilling  Jig  containing  features  that  merit  the  attention 
of  the  Jig  designer  is  shown  in  Fig.  49.  One  often  sees  expensive  and 
complicated  Jigs  used  where  one  of  this  type  would  have  done  as  well. 
In  some  shops  this  type  has  reached  a  high  state  of  development,  due 
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FlflT.  47.    Atiynstable  Ji«  for  DrUltnv  Threadln  9  Dies. 

to  conditions  that  favor  the  adoption  of  a  cheap  and  quickly  made  Jig, 
namely:  A  constantly  changing  product,  few  pieces  to  be  drilled  of 
each  kind,  and  the  fact  that  the  jigs  are  always  wanted  in  a  hurry. 
In  designing  Jigs  under  these  conditions,  the  problem  resolves  itself 
into  building  a  cheap  Jig,  and  not  accumulating  a  large  number  of  use- 
less patterns. 

Fig.  48  shows  the  piece  to  be  drilled  and  detail  of  damp  and  feet 
The  plan  and  side  views  of  the  Jig,  with  the  work  in  position,  are 
shown  in  Fig.  49,  in  which  cut  the  Jig  is  shown  bottom  side  up.  A  cast- 
iron  plate  A  is  used,  in  which  the  required  number  of  holes  are  drilled 
for  the  Insertion  of  hardened  bushings,  and  there  are  two  locating  pins, 
shown  in  the  plan  view  at  &  &.  (7  is  a  locating  and  clamping  plate 
which  is  kept  central  by  the  four. pins  d.  The  V  in  the  clamping 
plate  locates  the  work  in  a  central  position,  and  as  the  plate  also 
extends  over  the  top  of  the  work  and  clamps  down  upon  it,  it  holds 

«  I.  B.  Nieoiand,  February,  1902. 
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the  work  securely  In  place.  The  clamp  is  bolted  to  the  plate  by  the 
screw  h,  and  the  work  is  clamped  by  screw  o  at  the  other  end.  Four 
legs  e  support  the  body  plate  A,  and  raise  it  up  high  enough  so  that 


imdMHH^  J*f  «M.  .V.  r. 


Flff .  48.    Pl«o«  to  be  DrlUed  In  Jiff,  Flff.  40,  and  DetaU  of  Olamp  and  Feet. 

the  work  clears  the  table  when  the  Jig  is  placed  in  position  for  drill- 
ing. The  oblong  hole  in  the  plate  0  permits  the  clamp  to  be  moved  back 
far  enough  to  get  the  work  in  and  out  of  the  Jig. 


Plff.  40.    Jiff  for  DrUllnff  Piece  Bhown  In  Flff.  48,  with  Work  in  Position. 

Large  sice  plates,  all  planed  up,  may  be  kept  in  stock  for  the  Jig 
bodies  BO  that  pieces  of  the  required  sise  can  be  readily  cut  off  when 
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needed.    This  Jig  is  very  accurate,  as  with  it  the  work  can  he  brought 
close  to  the  plate  containing  the  drill  bushings.* 

The  drill  Jig  shown  in  Fig.  61  has  proved  very  efficient  for  maintain- 
ing uniformity  in  the  pieces  drilled  in  this  Jig,  one  of  which  is  shown 
in  Fig.  50.  For  the  work  it  is  Intended  to  do,  this  Jig  is  rigid  and 
simple  and  is  designed  to  withstand  the  severe  handling  that  a  tool 


Flff.SO.    Work  to  b«  Drilled  In  Jiff,  FlflT.  61. 

of  this  kind  usually  receives  from  unskilled  workmen..  The  pieces  to 
be  drilled  are  first  turned  in  the  lathe  to  the  proper  sise  and  length, 
and  the  hole  through  the  center  is  drilled  at  the  same  time.  The 
object  of  the  Jig  is  to  drill  the  side  holes  and  the  two  end  holes,  which 
are  diametrically  opposite,  one  of  them  being  stopped  off  at  %  inch 
from  the  bottom  and  continued  through  with  a  smaller  size  of  drill. 


Plff.  51.    Jiff  for  DrIUinff  Work  shown  In  Flff.  60. 

The  Jig  consists  of  an  Lrshaped  casting,  A,  which  is  suported  on  its 
bottom  and  side  by  the  steel  legs,  BB,  the  faces  of  which  are  hardened 
and  lapped  true.  A  hole  is  drilled  straight  through  the  jig  from  top  to 
bottom  and  into  the  top  of  this  hole  is  forced  the  bushing.  C,  of  tool 
steel,  having  a  No.  19  and  a  14-inch  hole,  and  also  a  guide  for  one  end 
of  the  work  projectihg  at  the  center  on  the  lower  side.    The  bushing 


•  LoQli  Meyert,  Febriury,  1002. 
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O  Is  forced  into  the  Jig  from  the  inside  until  the  shoulder  bears  firmly 
against  the  upper  arm  of  the  jig.  This  combined  bushing  and  guide  is 
made  in  a  single  piece,  instead  of  inserting  drill  bushings  and  a  guide 
piece  separately,  because  the  variation  allowed  for  the  boles  is  greater 
than  any  that  is  likely  to  be  incurred  in  the  hardening  of  the  bushing. 
Fitted  tightly  in  the  hole  in  the  base  of  the  jig  is  the  sleeve,  D, 
which  carries  a  traversing  piece,  E,  with  a  guide  point  on  one  end 
directly  opposite  and  like  the  one  in  the  upper  bushing.  These  guides 
fit  the  hole  in  the  work,  which  is  advanced  or  withdrawn  by  means 
of  the  screw  F,  which  is  fastened  to  the  piece  E  by  the  pin,  G,  intro- 
duced in  such  a  location  that  the  side  rests  in  a  round  groove  on  the 
upper  end  of  the  screw,  attaching  it  thereto  and  at  the  same  time 
permitting  it  to  rotate  freely.  The  end  of  a  small  pin,  H,  enters  a 
spline  in  the  side  of  E  and  checks  any  tendency  to  revolve  when  the 
screw  is  being  turned.    A  knurled  head  is  pinned  and  riveted  on  the 


1    BRASS  CASTING 

1    H    C.R.  STEEL  PIN 
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PUNCH  FOR 
ORIVINO  6TU0S 

FUr.54. 


end  of  F,  A  strip  of  machine  steel,  J,  of  sufficient  length  to  extend 
from'  top  to  bottom  of  the  jig,  is  seated  in  a  rectangular  milled  channel 
and  fastened  by  screws  and  dowel  pins.  The  side  holes  are  carefully 
located  in  this  strip,  and  two  hardened  and  ground  bushings  for  No.  4 
drills  are  pressed  in. 

When  in  use,  the  work  is  slipped  on  the  upper  guide  point,  and,  when 
the  piece  E  is  advanced  by  the  hand  screw,  it  is  held  firmly  in  place, 
being  properly  located  in  relation  to  the  bushings  by  tbe  center  hole. 
Tile  piece  is  then  drilled  as  in  ordinary  jig  drilling,  the  finished  piece 
being  removed  by  simply  loosening  up  the  hand  screw.  The  piece  E, 
with  the  exception  of  the  guide  on  its  end,  is  left  soft  for  the  point 
of  the  drills  to  enter  the  necessary  depth  for  clearance.* 


'  C.  H.  Rowe,  December,  1908. 
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DrUlinflT  and.  ABsemblinff  Jig, 

Sometimes  drill  Jigs  are  designed  for  the  performing  of  other  oper- 
ations in  connection  with  th6  work  than  that  of  drilling  alone.  In 
Fig.  53  is  shown  a  combined  drilling  and  assembling  jig  which  was 
designed  and  made  for  the  purpose  of  facilitating  the  manufacture  of 
the  part  shown  in  detail  in  Fig.  52.  This  detail  consists  of  a  brass 
casting  A  having  a  small  machine  steel  stud  B  driven  into  its  center 
and  securely  held  against  turning  by  a  small  bessemer  wire  pin  through 
both  casting  and  stud. 

During  the  ordinary  course  of  manufacturing  with  a  plain  drilling 
jig  some  difficulty  was  experienced  in  driving  the  studs  squarely  into 
the  casting,  thereby  making  it  impossible  to  replace  the  pieces  in  their 
proper  position  in  the  jig  in  order  to  drill  the  small  pin  holes.  To  over- 
come this  difficulty  and  insure  the  production  of  interchangeable  work, 
the  jig  shown  was  designed  to  drill  the  necessary  two  holes  before 
removing  the  part  from  the  jig.  It  is  very  simple  in  construction,  con- 
sisting of  a  cast  iron  body  C,  and  a  soft  steel  cover  D,  fitted  with  a  tool 
steel  screw  bushing  E  for  locating  and  fastening  the  casting  in  its 
proper  position  for  drilling.  The  work  is  slipped  in  and  removed 
from  the  front  of  the  jig  which  is  open,  as  shown. 

To  relieve  the  shearing  strain  on  the  small  cross  pin,  it  is  necessary 
that  the  %-inch  hole  shall  be  drilled  a  trifle  small  in  order  to  make  a 
good  fit  on  the  stud.  This  is  accomplished  by  using  a  %-inch  drill 
that  has  liteen  almost  entirely  used  up  and  is  therefore  about  0.373 
inch  in  diameter,  thus  avoiding  the  use  of  letter  size  or  other  drills 
that  are  not  standard.  After  drilling,  the  jig  is  turned  bottom  side  up 
and  the  stud  inserted  through  the  i/^-inch  hole  in  the  bottom  and 
driven  home  with  the  aid  of  the  punch  shown  in  Fig.  54.  This  is 
simply  a  piece  of  %-inch  drill  rod  having  a  groove  turned  at  one  end 
to  dear  the  burr  made  by  the  drill.  It  is  evident  that  when  driven 
in  this  manner,  the  stud  must  go  in  square,  and  when  the  punch  strikes 
the  brass  casting  in  the  jig  the  stud  has  been  driven  to  its  proper 
depth,  that  is,  flush  with  the  bottom  of  the  brass  casting.  The  small 
pin  hole  is  then  drilled  and  the  finished  part  removed  by  unscrewing 
the  bushing.* 

This  jig  permits  rapid  work,  on  account  of  its  simple  and  efficient 
device  for  clamping,  the  screw  bushing.  Clamping  devices  in  jigs 
should  always  be  design<»d  with  the  object  of  very  rapid  tightening 
and  releasing.  This  is  particularly  important  in  cases  where  only  one 
or  a  few  small  holes  are  drilled  in  a  piece,  as  then,  if  the  clamping 
of  the  work  consumes  a  rather  long  time,  it  often  happens  that  most 
of  the  operator's  time  is  spent  in  unscrewing  and  tightening  long 
threaded  studs  or  screw  bushings,  while  the  drilling  operation  itself 
takes  but  a  trifle  of  the  time,  and  the  machine  is,  in  fact,  idle  the 
greater  part  of  the  working  day.  Rapid  insertion  of  work  in  jigs,  and 
quick  acting  clamping  devices,  constitute  one  of  the  chief  principles  in 
jig  design. 


*  H.  J.  Bachmann,  December,  1905. 
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Simplicity  in  Jigr  DeBlfirn- 

Another  of  the  chief  characteristics  in  jig  design,  which  should  be 
aimed  at  as  much  as  possible,  Is  simplicity.  It  is  comparatively  easy 
to  design  a  complicated  drill  jig  for  almost  liny  work,  and  one  of  the 
main  differences  between  the  amateur  and  the  experienced  jig  designer 
.is  the  latter's  ability  to  attain,  by  simple  means,  the  same  results, 
and  the  same  accuracy,  as  the  former  reaches  by  elaborate  devices. 

An  example  of  a  simple  jig  which  performs  the  work  for  which  it  is 
intended  as  satisfactorily  as  a  more  complicated  tool,  is  shown  in 
Fig.  55.  The  work  to  be  drilled  is  shown  at  the  top  in  perspective.  At 
A  is  a  %-inch  tapped  hole  in  a  curved  surface,  as  shown;  a  a  are  two 
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^-icch  holes  in  the  ears,  which  must  be  7  inches  from  center  to  center 
from  hole  A,  A  cast  iron  jig  body,  of  the  right  size  to  hold  the  piece 
of  work  inside,  was  made,  and  bushings  &  &  Inserted  for  drilling  the 
holes  in  the  ears.  For  drilling  the  %-lnch  holes  A,  a  cross-piece  B  was 
fitted  into  recesses  cut  in  the  sides  of  the  jig  body  and  this  cross-piece 
carried  a  bushing,  as  shown.  This  cross-piace  was  held  in  place  by  two 
straps,  as  indicated.  As  the  hole  had  to  be  countersunk,  a  combined 
drill  and  countersink  was  made,  which  did  both  operations  at  one  cut. 
The  work  is  pushed  iuto  the  jig  from  the  end,  and  some  clamping 
arrangement,  two  C-clamps,  for  instance,  will  serve  to  hold  it  In  posi- 
tion while  drilling.* 

JigB  for  Drilling  Bough  Castings. 

There  Is  a  great  difference  In  the  principles  of  jig  design  applying  to 
pieces  of  work  which  have  finished  surfaces  from  which  the  work 
may  be  located,  and  castings  which  are  drilled  directly  as  they  come 

•  Frank  C.  Hudson,  May.  1002. 
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from  the  foundry.  It  is  not  very  difficult  to  design  a  jig  when  there  is 
some  part  of  the  casting  finished  to  size,  but  when  there  is  practically 
nothing  to  start  from,  it  becomes  quite  a  different  matter.  If  we  are  to 
Judge  from  the  number  of  discarded  jigs  in  the  shops,  it  seems  that 
quite  a  few  tool  designers  have  "fallen  down"  on  this  problem. 

One  principal  feature  of  these  jigs  is  the  screw  bushings,  two  of 
which  are  shown  enlarged  in  Fig.  68.    By  screwing  down  on  the  bush- 


Flff.AO.    WorktobeDrmedlnJlff,Fl«r.6'7. 

Ing  the  casting  is  clamped  between  the  screw  bushing  and  a  plain 
bushing  in  the  bottom  of  the  jigs.  Thus  it  will  be  seen  that  these 
bushings  perform  the  double  function  of  locating  the  hole  and  also 
holding  the  casting  securely  in  its  proper  position  in  the  jig.  When 
only  one  end  of  the  boss  is  accessible,  the  plain  bushing  cannot  be  used, 
and  other  means  must  be  devised  to  back  up  the  thrust  of  the  screw 
bushing.  Being  movable,  screw  bushings  will  take  care  of  any  reason- 
able variation  in  the  size  of  the  castings  and  also  insure  that  the  hole 
shall  be  drilled  in  the  center  of  the  boss,  the  bushing  being  recessed 


Flff.  5*7.    Jiff  for  DrUllnff  Work  Shown  In  Plff .  6a. 

in  the  portion  binding  against  the  boss  In  order  to  center  it.  This 
latter  condition  is  very  desirable  in  work  of  this  kind,  for  the  sake  of 
appearance  and  strength.  In  this  form,  screw  bushings  are  rendered 
applicable  to  all  forms  of  castings  having  any  kind  of  a  circular  pro- 
jection or  boss  over  which  the  bushings  may  be  fitted,  as  shown  in  the 
cuts.  Figs.  67  and  60. 

When  headless  bushings  are  necessary  (as  on  both  ends  of  the  jig, 
Fig.  57),  they  are  tightened  down  with  a  spanner,  whereas  a  plain 
drill  rod  pin  is  sufficient  for  the  other.  When  both  ends  of  the  boss 
are  held  by  bushings,  the  holes  to  receive  these  bushings  must  be  in 
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llne»  and  when  they  are  so  aligned,  it  is  impossible  for  the  hole  to 
come  out  of  center  on  either  end  of  the  boss.  The  simplest  and  safest 
way  to  align  these  holes  is  to  run  a  single-pointed  boring  bar  through 
the  screw  bushing  into  the  bottom  of  the  jig,  after  the  screw  bushing 
has  been  fitted  to  the  jig,  the  shank  of  the  boring  bar.  of  course,  to  be 
a  good  fit  in  the  hole  of  the  screw  bushing,  which  has  been  previously 
lapped  to  size.  On  the  larger  sizes  of  bushings,  it  has  been  found 
advantageous  to  use  a  good  quality  of  machine  steel,  case-hardened  and 
having  a  smaller  tool  steel  bushing  inserted  in  the  center.    When  made 


Flff .  08.    Screw  Bushings. 


Flff.  50.    Work  to  be  Drilled  In  Jl«,  Fltf.  60. 


entirely  from  tool  steel,  the  distortion  in  hardening  is  too  great  to 
allow  a  good  fit,  which  is  essential  on  the  threaded  portion.  The  bodies 
of  the  jig  should  be  made  of  cast  iron,  cradlenshaped,  and  cut  out  where 
possible,  to  facilitate  cleaning.  The  covers  which  hold  the  screw 
bushii^gs  should  be  of  machine  steel,  held  in  place  by  means  of  screws 
and  dowels. 

Two  examples  of  jigs  of  this   class   are  shown.    The   larger  jig. 
Fig.  57.  was  designed  for  drilling  the  breast  drill  frame  shown  in 


Flff .  00.    Jiff  fbr  DrllllD  9  Work  Shown  In  Flflr.  00. 

Fig.  56.  The  casting  is  clamped  by  the  large  bushing  first,  and  then 
the  smaller  bushings  on  the  ends  are  brought  up  just  tight  enough  not 
to  cause  any  spring  in  the  casting.  There  are  two  holes  in  this  frame 
which  must  be  reamed  square  with  each  other.  After  trying  unsuc- 
cessfully to  ream  the  holes  by  hand  after  drilling  in  the  jig,  the  holes 
were  reamed  In  the  jig  as  follows:  The  hole  in  the  bushing  was  made 
the  exact  size  of  the  hole  to  be  reamed  in  the  casting.  A  drill  of  this 
size  was  used  to  spot  the  hole,  following  with  a  reamer  drill  and  lastly 
with  a  rose  reamer,  making  in  every  respect  a  satisfactory  job. 


Digitized  by 


Google 


EXAMPLES  OP  DRILL  JIGS. 


43 


The  smaller  jig,  shown  in  Fig.  60,  designed  for  the  simple  lever 
shown  in  Fig.  59,  presents  no  difficulties  beyond  the  drilling  and  tap- 
ping of  the  hole  for  the  wooden  handle  at  an  angle  of  30  degrees.  An 
adjustable  stud  screwed  into  the  bottom  of  the  jig  resists  the  pressure 
of  th3  bushing  on  the  anglie.  In  this  jig  it  is  also  necessary  to  clamp 
the  larger  boss  first,  so  that  when  the  smaller  bushing  is  tightened,  there 
will  be  no  tendency  to  displace  the  casting.  The  same  procedure  was 
followed  in  the  case  of  the  tapped  hole  as  in  the  case  of  the  reamed 
hole  in  the  jig  previously  described,  namely:  full  size  drill  to  spot,  tap 
drill  and  then  the  tap  itself.    This  latter  was  operated  by  means  of 
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Flff.  61.    JiiT  for  DrllUiiff  sad  Borlncr  Oast  OMurs. 

a  tapping  attachment  with  friction  clutch.  It  is  hardly  necessary  to 
say  that  these  jigs  are  most  profitably  employed  in  connection  with  a 
multiple-spindle  drill  press.* 

Jig  for  Drilling  and  Boring  Oears  with  Cast  Teeth. 

Cast  spur  gears  should  be  held  from  the  outer  ends  of  the  teeth  at 
three  points  as  nearly  equally  spaced  as  possible.  The  holding  should 
be  done  by  jaws  moving  to  and  from  the  center.  The  outer  ends  of  the 
teeth  are  selected  because  they  are  less  liable  to  distortion  by  the 
washing  of  sand  and  by  swelling  than  other  parts  of  the  teeth,  and 
any  slight  lumps  are  much  more  likely  to  be  removed  in  the  tumbling 
barrel  from  the  ends  than  elsewhere.  Again,  it  is  much  more  con- 
venient to  hold  them  from  these  points  than  otherwise.  If  three 
equally  spaced  points  on  the  periphery  of  a  gear  are  held  true  with  the 

*  H.  J.  Baehmann,  December,  1904. 
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jig  bushing,  all  intermediate  points  must  be  well  located  for  the  boring 
operation. 

The  manner  of  holding  as  described  may  be  accomplished  by  several 
devices.  One  of  these  is  a  special  form  of  scroll  chUck.  The  same 
jig  chuck  may  be  made  to  accommodate  different  sizes  of  gears  within 
a  limited  range  with,  it  may  be,  the  exchange  of  bushixigB. 

Fig  61  shows  top  and  sectional  views  of  such  a  jig.  Referring  to 
this  figure,  a  is  the  main  body  casting,  which  is  planed  to  receive  the 
three  steel  jaws  h  and  turned  to  admit  the  scroll  ring  which  will  be 
seen  at  c,  while  d  is  a  steel  ring  used  to  retain  the  Jaws  and  scroll. 


FlflT.  69.   Large  DrUllng  and  Botififlr  Jiff  for  BCaoblne  Beds. 


At  6  Is  seen  the  cross-bar  for  the  support  of  the  bushing  f.  This  cross- 
bar is  held  in  place  by  two  guide  pins  g  and  h.  The  latter  is  longer 
than  the  former,  so  that  when  a  gear  is  to  be  removed  from  the  jig, 
tlie  cross-bar  may  be  raised  only  sufficiently  to  clear  the  short  guide 
pin  and  then  swung  aside  upon  the  longer  one.  The  end  of  the  cross- 
bar engaging  the  long  pin  is  provided  with  a  boss  of  sufficient  length 
to  Insure  a  parallel  movement  and  prevent  cramping.  At  i  will  be 
noticed  a  pin  driven  into  the  tall  guide  pin  and  left  projecting  into  a 
slot.  This  acts  as  a  stop  to  prevent  the  cross-bar  from  slipping  down 
again  when  swung  aside  Qntil  again  brought  into  line  with  the  short 
guide  pin.  At  ;  are  seen  holes  for  attaching  the  jig  to  the  drill  press 
table.    A  handle  for  revolving  the  scroll  ring  is  shown  at  k.* 

Drilling  and  Boring  Jig  for  Machine  Beds. 

The  jigs  shown  hitherto  have,  in  general,  been  intended  for  work  of 
comparatively  small  dimensions.    Modern  Machine  manufacture,  how- 
•  Cyril  B.  Clark,  Jane,  1904. 
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ever,  has  developed  jigs  of  unusual  dimensions  for  very  large  pieces  of 
work.  The  Jig  shown  in  Fig.  62  is  used  at  the  works  of  the  Landis 
Tool  Co.,  Waynesboro,  Pa.,  for  drilling  and  boring  the  beds  of  their 
smallest  size  grinding  machines.  The  cut  shows  the  work  in  progress 
on  a  large  horizontal  boring  mill.  The  jig  consists  of  a  base  provided  . 
with  an  adjustable  plate  for  drilling  the  holes  in  the  front,  and  adjust- 
able brackets  for  guiding  the  bars  for  boring  the  ends  of  the  bed.  The 
base  consists  of  a  heavy  casting,  planed  at  the  top,  so  as  to  correspond 
with  the  planed  portion  of  the  top  of  the  bed,  so  that  the  latter  may 
be  laid  bottom  up  on  this  base  and  located  transversely  by  the  planed 
lip  on  the  front  of  the  bed,  suitable  clamps  being  provided  to  hold  it 
firmly  In  position.  At  the  front  of  the  base  of  the  jig  is  a  vertically 
projecting  flange  or  apron  of  sufficient  size,  and  so  shaped  as  to  con- 
form to  the  shape  required  for  locating  most  of  the  holes  in  the  fron|; 
of  the  bed;  at  the  back  part  of  the  base  is  a  smaller  flange  adapted 
for  carrying  a  bushing  for  guiding  the  bar  for  one  of  the  larger  of 
these  holes.  Suitable  T-slots  are  provided  in  the  base  for  bolting  on 
the  various  parts,  and  at  the  bottom  two  right-angle  grooves  are  plained 
to  provide  for  a  tongue  for  locating  on  the  floorplate  of  the  boring 
mill.  The  jig  is  designed  to  accommodate  two  sizes  of  beds  or  similar 
cross  sections  but  of  different  lengths,  the  difference  being  such  as  to 
only  affect  the  location  of  the  end  brackets  and  some  of  the  holes  in 
the  front  of  the  bed.  To  provide  for  the  difference  of  these  latter  holes, 
the  adjustable  plate  in  the  front  is  so  designed  that  it  can  be  located 
by  dowel  pins  in  either  of  two  positions  required^  and  is  provided  with 
slots  for  clamping  bolts.  When  boring  the  holes  in  the  ends  of  the 
bed.  the  base  of  the  jig  is,  of  course,  turned  from  the  position  that  it 
has,  when  the  front  holes  are  bored,  to  the  position  shown  in  the  cut. 
The  end  brackets  are  clamped  in  place,  being  located  on  the  finished 
surface  of  the  base.  T-slots  are  provided  so  that  these  brackets  may 
be  shifted  in  or  out  to  accommodate  the  different  lengths  of  beds.* 

Jiffs  with  Pneumatic  Clamping*  Devices. 

During  the  last  few  years  compressed  air  has  more  and  more  become 
one  of  the  necessary  adjuncts  of  the  machine  shop,  and  many  firms 
employ  it  extensively  in  the  operation  of  automatic  machinery  and 
special  tools.  The  line  cuts  Figs.  63  and  65  and  the  half-tone  Fig.  64 
show  a  pneumatic  clamp  drilling  jig  which  was  designed  for  holding 
small  castings,  pinions,  spur  gears,  sprockets,  pulleys,  etc..  for  reaming 
or  drilling.  This  type  of  jig  is  used  with  great  success  in  one  of  the 
largest  manufacturing  concerns  in  Chicago.  Formerly  castings  of  the 
nature  named  were  held  in  a  jig,  using  a  screw  bushing  mounted  in  a 
swinging  arm  to  hold  the  work  while  drilling;  the  arm  was  swung 
around  over  the  casting  and  the  bushing  was  screwed  down  onto  the 
work.  Frequently  the  operator  would  neglect  to  screw  the  bushing 
down  tightly  against  the  work,  with  the  resultant  of  a  bad  job  of 
drilling  and  a  spoiled  piece.  In  any  case  there  was  considerable  time 
lost  in  operating  the  jig. 

♦  H.  P.  Noyes,  March,  1907. 
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The  air  clamping  drilling  jig  shown  in  section  in  Fig.  63  was 
designed  to  decrease  the  time  required  to  operate  the  jig  and  to  improve 
the  character  of  the  work  done.  The  cut  shows  how  a  bevel  gear  is 
held.  The  gear  rests  on  the  inclined  face  C,  and  between  three  chuck 
Jaws.  Beneath  the  casting  is  a  ring,  A,  having  three  cam  eccentric 
slots  which  move  the  jaws  B  toward  or  away  from  the  center  when 
the  ring  is  turned  by  a  suitable  handle.    With  this  jig  the  operator 
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FlCT'  08.   Vertloal  S«otioii  of  Pneam»tlo  Olamplng  JUr* 

needs  only  to  turn  an  air  valve  handle  to  hold  the  work  securely  and 
in  the  central  position.  To  hold  spur  gears,  a  centering  piece  is  used, 
similar  to  the  one  shown  for  bevel  gears  in  Fig.  63,  with  the  exception 
that  the  surface  C  is  made  flat,  the  jaws  then  being  used  alone  to 
center  the  work. 

The  jig  includes  a  cylinder  having  two  lugs  or  ears  D,  which  encircle 
the  guides  E.  These  guides  connect  the  piston  F  with  the  cross-arm 
or  yoke  G,  which  holds  the  drill  bushing.  The  admission  of  air  to  the 
cylinder  forces  the  yoke  and  bushing  down  on  the  work  and  holds  it 
there  until  the  piece  is  finished.    The  air  is  then  released  ahd  the  ten- 
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slon  springs  H,  of  which  four  are  provided,  pull  the  piston  and  the  con- 
nected cross-arm  up  and  release  the  work.  Compressed  air  is  admitted 
In  the  side  of  the  cyjinder  througb  a  pipe  in  which  ~is  fitted  an  ordi- 
nary threeway  valve.  The  pipe  I  in  the  center  of  the  cylinder  is  an 
important  feature,  as  it  permits  chips  to  fall  through  the  jig  at  the 
bottom  instead  of  collecting  on  the  top.  What  few  chips  accumulate  on 
the  top  are  removed  by  a  hose  leading  from  the  exhaust  port  of  the 
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Flff.  64.    Pneumfttto  Ol»mpin0  JUr  ased  fbr  DriUlng  Sprocket  Wheel. 

valve  and  directed  against  the  top  of  the  cylinder,  thereby  blowing  the 
chips  away  with  each  exhaust.  The  centering  device  is  made  different, 
of  course,  for  different  pieces,  Fig.  63  shpwing  one  for  a  "flat"  bevel 
gear;  and  each  pattern  of  pinion,  gear  or  sprocket  has  to  have  a  corre- 
sponding piece  C.  The  cylinder  has  an  annular  groove  J  turned  in 
the  top  and  made  concentric  with  the  axis  of  the  cylinder  and  of  the 
drill  jig.  The  centering  device  has  two  projections  which  fit  the  cylin- 
der top  and  groove.  This  makes  the  air  cylinder  conveniently  inter- 
changeable with  any  number  of  centering  devices,  the  centering  device 
being  removed  quickly  so  that  there  is  little  time  lost  in  making 
changes,  the  clamping  being  a  simple  matter.  The  cylinder  has  three 
lugs  K  with  open  slots  for  bolts,  these  matching  with  three  lugs  on 
the  pentering  device  and  constituting  the  clamping  arrangement  for 
the  centering  piece.  When  the  centering  piece  is  to  be  changed,  the 
three  bolts  are  loosened,  slipped  out  of  the  slots,  and  the  centering 
piece  is  lifted  out  and  exchanged  for  another. 
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If  the  drill  bushing  has  to  be  changed,  the  yoke  G  is  taken  off  and 
replaced  by  another,  for  it  is  generally  desirable  to  have  a  yoke  with 
its  own  bushing  for  each  job.  With  small  work  the  yoke  simply  has  a 
bushing  driven  from  the  bottom,  as  illustrated  in  the  half-tone  Fig.  64, 
and  the  bushing  alone  presses  against  the  work,  but  for  larger  work, 
which  should  be  held  down  at  three^  places  on  the  rim,  the  yoke  and 
clamp  are  connected  with  a  universal  joint  as  Illustrated  In  Fig.  63, 
thus  insuring  equal  pressure  on  the  three  clamping  points. 

Fig.  65  is  a  centering  device,  used  on  the  air-cylinder,  in  which  there 
is  a  float.  This  float  rests  on  a  heavy  spring,  and  on  the  float  are  three 
lugs  A  which  support  the  gear  casting.     This  device  centers  the  cast- 
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Pig.  05.    Vertical  Section  of  Pneumatlo  Jig  Fitted  with  Bqaallslng  OenteHog  Device 

ing,  while  the  yoke  is  pulled  down  by  air  pressure  until  the  gear  rests 
on  the  three  stationary  surfaces  B.  The  yoke  with  its  equalizing  sad- 
dle C  holds  the  bevel  gear  firmly. while  drilling.* 

In  the  design  of  all  devices  using  compressed  air,  care  should  be 
taken  to  economize  as  much  as  possible  with  the  air,  making  the 
spaces  it  has  to  fill  as  small  as  possible.  In  the  jig  shown  this  has  not 
been  thoroughly  taken  in  consideration.  The  long  motion  of  the  piston, 
all  operated  by  the  air,  makes  it  necessary  to  fill  a  great  space  with 
air  each  time  the  work  is  clamped.  In  such  cases  it  is  usually  possible 
to  move  the  clamp  down  upon  the  work  with  a  mechanical  movement 
requiring  no  air,  and  then  effect  only  the  actual  clamping  by  the  com- 
pressed air,  in  which  case  it  would  probably  not  be  necessary  to  use 
onetenth  the  amount  of  air  now  used  in  the  jig. 


•  O.  C.  Bornholt  April,  1907. 


Digitized  by 


Google 


CHAPTER    IV. 


DIMENSIONS  OF  STANDARD  JIG  BUSHINGS. 

In  the  design  of  drill  jigs  there  is  little  save  experience  and  judg- 
ment to  guide  the  draftsman  when  determining  the  dimensions  of  the 
drill  bushings.  This  often  results  in  having  bushings  for  the  same 
size  of  drill  made  with  widely  varying  dimensions  as  to  length  and 
outside  diameters.    If,  on  the  other  hand,  some  standard  is  ad(^)ted 


T4BLB  1.    DIMENSIONS  FOB  STANDARD  FIXBD  JIG  BUSHINQS. 


Sixe  Drill. 
A 


u 

it 
iY 


Short. 


Med. 


Long. 


U 

it 

i| 

11 
u 


t 


It't 

T^ 

iiV 

A 

1^ 

A 

w. 

i 

u 

i 

iw 

i 

H 

'j 

1t4 

and  adhered  to.  uniformity  will  be  insured  and  the  toolmaker  can  make 
up  bushings  in  leisure  moments,  knowing  that  they  will  be  available 
whenever  a  rush  job  of  jig  work  comes  along.  The  tables  1  and  2, 
giving  dimensions  of  bushings,  are  now  used  by  a  large  manufactur- 
ing concern,  and  furnish  an  excellent  guide  for  any  draftsman  design- 
ing jigs  where  no  standard  has  been  adopted. 

Table  1  gives  dimensions  for  bushings  which  are  to  remain  in  the 
jigs  permanently,  and  in  making  these  bushings  the  external  diameter 
given  in  the  column  B  would   be  made  a  driving  fit  in  the  hole   In 
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the  jig.  Table  2  gives  dimensions  for  removable  bushings,  and  in  this 
case  the  outside  diameter  would  be  made  a  light  sliding  fit  in  the  hole. 
In  both  tables  the  column  A  indicates  the  size  of  drill  for  which  the 

TABLB  2.    DIMENSIONS  FOR  STANDARD  RBMOVABLB  JIG  BUSHINGS. 
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bushing  is  to  be  used,  and  the  hole  in  the  bushing  would  be  made  from 
0.001  to  Q.003  inch  larger  than  nominal  size.  The  bushing  shown  in 
the  cut  above  Table  1  has  a  knurled  head.  Of  course,  the  head  is 
oniy  knurled  on  removable  bushings. 


TABLB  8. 
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BUSHINGS  FOR  DRILUNG  AND   REAMING  JIQ8 
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Table  3  gives  the  dimensions  for  drill  bushings  for  a  wider  range 
of  drill  sizes,  according  to  the  adopted  standard  of  a  large  manufactur- 
ing concern  in  Chicago.    It  will  be  noticed  that  the  shoulders  are  much 
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smaller  than  generally  used.  There  is  no  real  need  for  the  shoulder 
of  a  loose  or  removable  bushing  to  be  larger  than  is  necessary  for  a 
good  finger  hold.  By  keeping  the  shoulder  dimensions  down  to  the 
figures  given  in  the  table,  a  considerable  saving  of  steel  is  effected 
in  the  larger  sizes,  and  when  this  amount  is  multiplied  by  the  thou- 
sands of  bushings  necessary  in  large  machine  shops,  it  becomes  a 
very  important  matter.  Another  feature  of  economy  possible  in  bush- 
ings is  the  use  of  machine  steel,  case-hardened,  which  gives  as  good 
result8  for  some  work  as  tool  steel,  and  of  course  is  far  less  costly, 
both  in  price  per  pound  and  in  time  required  for  working.* 

Hardening  Small  Jig  BushingB. 
To  harden  large  quantities  of  small  jig  bushings  without  danger  of 
cracking  under  the  head  while  hardening  or  while  driving  them  home, 
proceed  as  follow^:  Put  one  gallon  of  fish  oil  in  a  suitable  metal 
bucket,  and  place  this  in  a  larger  bucket  of  cold  water.  The^  bushings, 
strung  about  six  on  a  wire,  are  heated  in  a  small  blow  torch  fire  to  a 
light  red  heat  and  are  then  quickly  plunged  into  the  oil,  and  kept 
moving  around  until  cold.  The  hardness  will  depend  upon  the  degree 
of  heat  given,  and  this  can  be  so  regulated  that  it  will  not  be  necessary 
to  polish  and  draw  bushings  after  hardening.** 

*  O.  C.  Bomholt  May,  1905. 

**  H.  J.  Bachmann,  November,  1906. 
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USING  JIGS  TO  BEST  ADVANTAGE. 

It  may  be  deemed  proper,  in  the  closing  chapter,  to  review,  in  gen- 
eral outlines,  the  principles  o£  jig  design,  and  to  give  some  directions 
for  getting  the  full  value  out  of  jigs. 

The  growing  demand  for  machinery  and  the  competition  have  necessi- 
tated the  introduction  of  improved  tools  to  reduce  the  cost.  Jig  and 
fixture  designing  has  come  to  be  a  trade  by  itself;  undoubtedly  there 
is  no  *>ranch  of  the  mechanical  business  which  requires  so  much  practi- 
cal ex^^erience  as  this  particular  line.  A  poorly  designed  tool  is  a 
very  costly  thing;  hundreds  of  dollars  can  be  wasted  in  a  short  time 
with  an  inferior  one.  On  its  accuracy,  simplicity  and  quickness  depend 
quality  and  quantity,  hence  cost  of  product. 

There  are  a  number  of  obstacles  to  be  overcome  in  accurate  jig  and 
fixture  designing.  The  clamping  must  be  done  quickly  and  without 
springing  the  jig  or  the  work;  then  provision  must  be  made  for  easy 
cleaning  out  of  chips,  and  another  very  important  thing  Is,  that  it 
must  be  so  constructed  that  It  will  be  impossible  to  get  the  work  in 
the  wrong  way.  It  Is  important  to  make  drilling  jigs  as  light  as 
possible.  To  obtain  lightness,  just  as  little  metal  must  be  used  as  is 
necessary  to  sustain  the  strain  brought  to  bear  upon  the  part.  All  metal 
should  be  so  placed  as  to  be  in  line  with  the  strains  exerted  thereon; 
therefore,  jigs  should  be  box-shaped.  The  advantages  obtained  are 
manifold,  for,  while  they  are  light,  they  are  also  easily  cleaned.  Some 
of  thp  older  manufacturers  still  advocate  the  use  of  heavy  drilling 
jigs — large,  cumbersome  things,  and  slow  to  handle.  Their  reason  is 
that  a  light  jig  will  not  stand  the  rough  handling.  While  that  is  true 
in  a  way,  there  ought  not  to  be  any  necessity  for  such  rough  usage.  A 
prope*'  system  in  the  shop  would  overcome  this. 

It  is  customary  in  a  good  many  of  the  large  shops  in  the  Eastern 
States  particularly  to  hire  green  men  and  boys  to  operate  the  jigs  and 
fixtures.  If  it  is  a  drilling  jig,  especially  a  small  one,  the  gangMrill  is 
set  up  for  that  purpose;  each  spindle  In  rotation  is  set  up  for  its 
respective  operation.  The  men  that  set  these  machines  are  competent 
machinists,  and  they  always  keep  one  or  more  machines  set  up  ftfr 
the  first  one  who  gets  out  of  a  job.  They  are  also  responsible  for  the 
quality  and  quantity  of  work  turned  out.  For  instance,  a  drill  or 
reamer  may  get  roughed  up  and  in  this  manner  spoil  the  work  or  a 
drill  bushing.  Therefore,  it  keeps  the  machinists  in  charge  on  a  con- 
stant lookout.  The  operators  are  provided  with  a  gage  and  a  sample 
piece  which  is  correct.  They  are  instructed  how  to  use  it;  also  to  try 
every  few  pieces  to  see  that  they  are  coming  like  the  sample.  In 
this  manner  one  good  man  cab  direct  the  work  of  a  dozen  cheap  ones. 
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In  the  following  outline  of  a  system  for  getting  the  most  out  of 
the  tools  In  the  shop,  the  word  "jig"  will  be  meant  to  include  all  Jigs, 
templets,  fixtures,  appliances,  etc.,  which  aid  in  the  rapid  and  accurate 
machining  of  parts.  With  such  assumptions  allowed,  the  necessity  for 
some  systematic  scheme  of  management  for  the  use  and  care  of  the 
jigs  should  be  apparent.  However,  it  is  not  uncommon,  even  in  these 
days,  when  the  jig  is  admittedly  one  of  the  main  factors  instrumental 
fn  developing  the  shops  of  the  past  (where  machinery  was  "built"), 
into  the  shops  of  the  present  (where  it  is  ''manufactured"),  to  find  con- 
cerns where  the  jigs  are  given  no  consideration  beyond  designing  them 
and  keeping  them  in  a  questionable  state  of  repair.  The  whole  tool 
or  jig  scheme,  however,  is  so  interwoven  with  the  entire  shop  that 
the  success  of  a  system  cannot  be  dependent  entirely  upon  any  one 
person,  but  upon  the  co-operation  of  all. 
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The  tool  foreman  is  the  one,  after  the  management,  who  contributes 
most  to  either  success  or  failure,  and  therefore  his  selection  should  be 
made  with  care.  This  tool  foreman,  as  we  prefer  to  call  him,  is  to  the 
modem  shop  what  the  head  toolmaker  was  to  the  old-time  shop,  and 
his  increased  duties  and  responsibilities  entitle  him  to  the  new  title. 
He  should  possess  executive  as  well  as  mechanical  ability,  and  be  broad- 
minded  and  up-to-date,  for  to  him  should  be  intrusted  the  tooling  of 
the  machines,  the  design,  manufacture  and  care  of  the  jigs,  the  com- 
plete control  of  the  tool-room  and  the  enforcement  of  any  system  the 
managepient  may  Inaugurate.  He  will,  however,  be  doomed  to  only 
partial  success,  if  not  absolute  failure,  without  a  tool-room  systenL 

Suitable  methods  should  prevail  In  the  tool-room,  or  better,  in  the 
jig-room,  whereby  a  workman  when  receiving  a  jig  gets  all  the  neces- 
sary tools  to  perform  all  the  operations  upon  the  piece  that  the  jig 
is  designed  to  do.  It  should  not  be  necessary  for  him  to  ask  for  the 
tools  separately,  but  simply  to  ask  for  the  jig  and  tools  for  such 
or  such  an  operation,  designated  either  by  name  or  number — pre- 
ferably   by    number — and    have    them    delivered    to    him    complete. 
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By  doing  this,  much  time  will  be  saved,  and  mistakes  will  often 
be  avoided.  This  can  be  accomplished  by  giving  each  jig,  all  the 
loose  pieces  belonging  to  the  jig  and  all  the  special  tools,  the  same 
number  as  the  piece  they  are  used  upon.  They  should  be  indexed 
under  this  number  and  kept  in  suitably  grouped  compartments  apd  the 
compartments  conspicuously  numbered  so  that  they  can  be  easily 
located.  In  these  compartments  is  also  kept  a  list,  Fig.  66,  showing 
what  constitutes  a  complete  set.  When  a  jig  is  called  for,  reference 
is  made  to  the  index,  if  necessary,  the  compartment  found  and  the 
complete   set  of  jig  and.  tools   delivered  with    reference   to  the  list. 

Probably  one-half  of  all  jigs  are  designed  to  perform  two  or  more 
operations,  and  when  such  is  the  case,  to  economize  in  time  and  often 
to  obtain  the  best  results  in  machining,  each  jig  should  have  its 
operation  sheet,  Fig.  67.  To  illustrate  why  it  is  necessary  to  perform 
the  seTeral  operations  in  a  prearranged  order,  take,  for  instance, 
two  holes  intersecting  at  acute  angles,  such  as  a  shaft  hole  and  a 
locking  rod  hole,  where  the  locking  rod  hole  drills  half  out  into  the 
shaft  hole.  Ordinarily  a  workman  would  drill  the  larger  or  shaft  hole 
first,  and  the  locking  rod  hole  afterward.  This  would  be  wrong,  how- 
erer,  for  the  locking  rod  hole  drill  upon  entering  the  shaft  hole  and 
meeting  no  resistance  for  half  its  diameter,  would  run  out,  and  the 
hole  would  not  be  straight.  A  very  handy  arrangement  is  to  have  'the 
tool  sheet.  Fig.  66,  and  the  operation  sheet,  Fig.  67.  mount€!d  upon 
opposite  sides  of  a  cardboard.  They  should  be  of  some  convenient 
size,  to  be  determined  by  the  number  of  separate  items  it  is  necessary 
to  put  upon  them. 

It  is  regrettably  too  generally  the  custom  to  take  for  granted  that  a 
piece  is  right  if  it  has  been  jigged,  an^jd  in  this  way  much  work  is 
often  spoiled  that  could  be  avoided  by  the  simple  system  of  inspecting 
the  first  piece  of  every  lot  done  in  'a  jig  and  ascertaining  its  correct- 
ness. If  the  first  piece  is  found  to  be  correct,  it  is  reasonably  safe  to 
assume  that  the  rest  will  be.  It  is  also  well  to  provide  printed  blanks 
upon  which  defects  and  possible  Improvements  in  jigs  are  reported 
to  the  tool  foreman.  These  are  made  out  in  duplicate  by  the  foreman 
under  whom  the  defects,  etc.,  are  discovered,  he  keeping  the  copy  and 
sending  the  original  to  the  tool-room.  This  method  will  be  found 
to  be  superior  to  giving  verbal  instructions,  as  it  is  a  check  from  one 
foreman  to  another.  There  is  an  adage  which  cannot  be  more  appropri- 
ately applied  than  in  the  case  of  repairing  jigs,  and  that  is,  "don't  put 
off  until  to-morrow  what  can  be  done  to-day." 

It  seems  hardly  necessary  to  mention  the  matter  of  allowing  repairs 
to  be  made  upon  jigs  in  any  other  place  than  the  tool-room,  because 
it  is  so  obviously  wrong  that  every  one  must  see  the  fallacy  of  such 
a  course  and  what  a  demoralized  state  of  affairs  it  will  lead  to.  In 
this  matter  there  should  be  absolutely  no  margin.  Whenever  repairs 
are  necessary  on  jigs,  they  should  be  turned  over  directly  to  the  tool- 
room, and  even  the  most  trivial  matters  should  be  attended  to  by  the 
man  in  charge  of  the  jigs,  as  he  is  held  responsible  for  results. 
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MACHINERY'S  REFERENCE  SERIES. 

This  series  has  been  planned  to  thoroughly  cover  the  whole  field  of 
mechanical  practice;  yet  each  pamphlet  will  be  complete  in  itself,  and 
may  be  purchased  separately.  It  is  the  purpose  of  this  important 
series  to  greatly  extend  the  work  Machinebt  does;  to  give  coherence, 
permanence  and  practical  usefulness  to  a  mass  of  exceedingly  valuable 
but  unorganized  Material  not  generally  available,  and  to  amplify  this 
material  wherever  necessary.  It  will  place  within  the  reach  of  every 
reader,  from  the  apprentice  to  the  master  mechanic,  the  best  that  has 
been  published,  selected  because  it  is  the  best,  collected,  condensed  and 
revised  by  men  well  equipped  for  the  work  by  mechanical  as  well  as 
editorial  experience;  the  whole  being  classified  and  arranged  in  accord- 
ance with  a  well-considered  plan  adapted  to  the  practical  needs  of  the 
drafting  room,  the  machine  shop,  and  the  engineering  office.  These 
pamphlets  will  be  sold  at  a  price  so  low  that  any  draftsman,  machinist, 
or  apprentice  can  begin  at  once  to  build  for  himself  a  complete  refer- 
ence file,  selecting  as  he  goes  along  only  those  subjects  likely  to  be 
of  the  most  direct  and  immediate  value  to  him;  or  building,  if  he 
pleases,  on  a  broader  plan  a  complete  working  library  of  compact, 
convenient  and  inexpensive  units. 

Men  in  the  mechanical  fl^ld  are  now  nearly  all  specialists,  and 
Machinkby's  Reference  Series  is  to  be  a  practical  file  for  specialists. 
Those  who  have  the  time  and  the  inclination  to  rdnge  over  the  whole 
field  of  mechanical  knowledge  can  buy  the  complete  series,  taking  the 
pamphlets  as  issued;  but  the  ofFers  which  follow  are  purposely  ar- 
ranged to  suit  the  needs  and  the  purses  of  the  great  majority.  They 
are  planned  to  allow  each  to  secure  exactly  what  he  wants,  as  near  as 
may  be,  just  when  he  wants  it,  at  a  price  anyone  can  afford.  For 
example:  a  draftsman  or  a  machinist  who  wants  to  post  up  thoroughly 
on  Worm  Gearing  can  buy  just  that,  for  twenty-five  cents,  and  will 
know  that  he  is  getting,  in  condensed  form,  the  very  best  information 
on  the  subject  that  it  is  possible  to  obtain — because  the  blest  writers 
send  their  contributioi^s  to  Machinebt. 

Under  the  following  offers  you  can  start  your  reference  file  with 
one  pamphlet,  for  twenty-five  cents,  if  you  are  a  suhscriher  for 
Machii^eby;  or  with  one  dollar,  if  you  are  not  a  subscriber — the  dollar 
paying  for  your  subscription  and  the  reference  pamphlet  you  select. 
A  subscriber  for  Machineby  can  buy  as  many  pamphlets  as  he  pleases, 
at  any  time,  by  paying  at  the  rate  of  twenty-five  cents  for  each  pamph- 
let;  or  by  renewing  or  extending  the  term  of  his  subscription,  he  ^an 
secure  from  one  to  ten  of  the  pamphlets  without  cost,  in  accordance 
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with  the  offers-— selectlnfe  exactly  what  he  wants;  but  not  more  than 
two  copies  of  one  title  will  be  sent  to  one  subscriber.  New  subscribers 
can  do  the  same — the  offers  are  open  to  everyone  who  sends  his  sub- 
scription, and  on  exactly  the  same  terms. 

THE  OPPBBS. 

The  regular  yearly  subscription  rates  for  Machineby  are  as  follows: 
Engineering  Edition,  $2.00;  Shop  Edition,  $1.00;  Railway  Machinery, 
$2.06;   Foreign  Edition,  $3.00. 


We  will  send  you  1  Pamphlet,  your  own  selection,  and  Machinery, 
Shop  Edition,  one  year,  for $1.00 

We  will  send  you  2  Pamphlets,  your  own  selection,  and  Machin- 
ery, Engineering  Edition,  one  year,  for 2.00 

We  will  send  you  7  Pamphlets,  your  own  selection,  and  Machin- 
eby, Engineering  Edition,  one  year,  for 3.00 

We  will  send  you  4  Pamphlets,  your  own  selection,  and  Machin- 
ery, Engineering  Edition,  two  years,  for 4.00 

We  will  send  you  10  Pamphlets,  your  own  selection,  and  Machin- 
ery, Engineering  Edition,  two  years,  for 5.00 

We  will  send  you  6  Pamphlets,  your  own  selection,  and  Machin- 
ery, Engineering  Edition,  three  years,  for 6.00 

We  will  send  you  16  Pamphlets,  your  own  selection,  and  Machin- 
ery, Engineering  Edition,  three  years,  for 8.00 

We  will  send  you  26  Pamphlets,  your  own  selection,  and  Machin- 
ery, Engineering  Edition,  three  years,  for 10.00 

Subscribers  for  Railway  Machinery  (the  railway  edition  of  Machin- 
ery) and  for  the  Foreign  Edition  receive  the  same  benefits  as  sub- 
scribers for  the  Shop  and  Engineering  Editions,  by  entering  or  extend- 
ing their  subscriptions  for  the  time  specified  in  the  foregoing.  The 
Shop  Edition  is  not  sent  to  foreign  countries. 

Anyone  can  secure  Machinery's  Reference  Series  for  himself,  with- 
out expense  by  organizing  a  club  of  subscribers  among  his  acquaint- 
ances. We  shall  be  glad  to  send  full  particulars  on  receipt  of  a  post 
card. 

The  Industrial  Press,  Publishers  of  Machinbrt. 
49-56  Lafayette  Street,  New  York  City,  U.  8.  A. 
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No.  10.  ExAMPLKS  OF  Macuine  SifOP  PRACTICE. — Three  chapters  on  Cut- 
ting Bevel  Gears  with  a  Rotary  Cutter,  Spindle  Construction,  and  the  Making 
of  a  Worm-Gear.  The  descriptions  of  the  operations  are  profusely  illustrated, 
demonstrating  the  value  of  the  camera  for  telling  the  story  of  machine  shop 
work,  and  for  graphic  instructions  in  the  methods  of  machine  shop  practice. 

No.  11.  Bearings. — Design  of  Bearings,  Hot  Bearings,  Oil  Grooves  and 
Fitting  of  Beaiings,  Lubrication  and  Lubricants,  and  Ball  Bearings. 

N«).  12.  Mathematical  Principles  of  Machine  Design. — The  matter  pre- 
sented is  almost  entirely  the  work  of  Mr.  C.  F.  Blake,  a  name  very  familiar  to 
the  readers  of  Machinery.  Draftsmen  and  designers  will  find  the  chapters  on 
the  Efficiency  of  Mechanisms  and  Notes  on  Design  full  of  valuable  suggestions. 

No.  13.  Blanking  Dies. — Contains  chapters  dealing  with  Blanking  Dies  in 
general,  the  Design  of  Dies  for  Cutting  Stock  Economically,  Split  Dies,  and 
General  Notes  on  Die  Making. 

No.  14.  Details  of  Machine  Tool  Design. — Contains  chapters  on  the  deter- 
mination of  the  Diameters  of  Cone  Pulleys,  the  Relation  between  Cone  Pulleys 
and  Belts,  the  Strength  of  Countershafts,  and  Tumbler  Gear  Design. 

No.  15.  Spur  Gearing. — Contains  chapters  on  the  First  Principles  of  the 
Action  of  Gears,  the  Arithmetic  of  Spur  Gearing,  Formulas  for  the  Strength  of 
Gear  Teeth,  and  the  Variation  of  the  Strength  of  Gear  Teeth  with  the  Velocity. 

No.  16.  Machine  Tool  Drives. — Contains^  chapters  on  the  Speeds  and 
Feeds  of  Machine  Tools;  Machine  Tool  Drives;  Single  Pulley  Drives;  and 
Drives  for  Hi|h  Speed  Cutting  Tools. 

No.  17.  Strength  of  Cylinders. — Deals  with  the  subject  of  strength  of 
cylinders  against  internal  hydraulic  or  steam  pressure.  Formulas,  tables  and 
diagrams  are  given  to  facilitate  the  design  of  such  cylinders. 

No.  18.  Arithmetic  for  the  Machinist. — Among  the  various  subjects 
treated  are  the  following:  The  Figuring  of  Change  Gears;  Indexing  Movements 
for  the  Milling  Machine;  Diameters  of  Forming  Tools;  and  the  Turning  of 
Tapers.     Simple  directions  are  given  for  the  use  of  tables  of  sines  and  tangents. 

No.  19.  Use  of  Formulas  in  Mechanics. — This  pamphlet  is  adapted  for  the 
man  who  lacks  a  fundamental  knowledge  of  mathematics.  It  opens  with  a 
chapter  on  mechanical  reading  in  general,  and  proceeds  to  explain  thoroughly 
the  use  of  formulas  and  their  application  to  general  mechanical  subjects. 

Ni».  20.  Spiral  Gkaui.nc. — A  simple,  but  complete,  treatment  of  the  subject, 
from  a  practical  i)oint  of  vi«nv.  ^ivin^  directions  for  calculating  and  cutting 
helical,  or,  as  they  are  commonly  called,  spiral  gears. 

Lack  of  space  prevents  a  description  of  the  following  very  useful  and  in- 
teresting pamphlets:  — 

No.  21.  Measuring  Tools. — ^No.  22.  Calculations  of  Elem i:\ts  of  Ma- 
chine Design. — No.  23.  The  Theory  of  Crane  Design. — No.  24.  Exaaiples  of 
Calculating  Designs. 

OTHER  PAMPHLETS  JN  THE  SERIES  WILL  BE  ANNOUNCED  IN  MACHINERY 
FROM  TIME  TO  TIME. 

The  Industrial  Press,  Publishers  of  Machinery, 
40-56  Lafeyette  Street,  New  York  City,  U.  S.  A. 
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EACH  PAMPHLET  IS  ONE  UNTT  IN  A  COMPLETE  LIBRARY  OF  MACHINE  DE- 
SIGN AND  SHOP  PRACTICE  REVISED  AND  REPUBUSHEd  FROM  MACHINERY 
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MAOHINBRY'S  REFERENCE  SERIES. 

The  present  treatise  is  one  unit  in  a  comprehensive  series  of  inexpensive 
reference  pamphlets,  broadly  planned  to  present  the  very  best  that  has  been 
published  on  machine  design,  construction  and  operation,  collected  from 
Machinery,  classified  and  carefully  edited  by  Machineby's  staff.  The  titles 
of  twenty-four  of  these  pamphlets,  with  an  outline  of  the  contents  of  each, 
will  be  found  below.  Each  pamphlet  measures  about  6x9  inches,  standard 
size,  and  will  contain  from  32  to  48  pages,  depending  upon  the  amount  of  space 
required  to  adequately  cover  its  subject. 

The  price  is  25  cents  for  each  pamphlet  to  suhscrihers  for  Machinery,  and 
the  pamphlets  can  be  obtained  by  new  subscribers  on  very  favorable  terms  in 
accordance  with  special  offers.  For  information  in  regard  to  these  offers, 
address:  The  Industrial  Press,  49-55  Lafayette  St.,  New  York  City,  U.  S.  A. 

CONTENTS  OP  PAMPHLETS. 

No.  1.  Worm  Gearing. — Contains  chapters  on  Calculating  the  Dimensions 
of  Worm  Gearing;  Hobs  for  Worm-Gears;  Suggested  Refinement  in  the  Robbing 
of  Worm-Wheels;  The  Location  of  the  Pitch  Circle  in  Worm  Gearing;  The  De- 
sign of  Self-locking  Worm  Gearing. 

No.  2.  Drajting-room  Practice. — A  valuable  treatise  on  current  drafting- 
room  practice,  with  descriptions  of  card  ^indexing  systems  for  jobbing  and 
repair  shops,  and  other  plants  having  a  large  variety  of  work.  A  treatise  is 
included  on  tracing,  lettering  and  mounting  drawings. 

No.  3.  Drill  Jigs. — The  first  chapter  contains  an  elementary  treatise  on 
the  principles  of  drill  jigs,  followed  by  a  description  of  an  original  method  of 
drilling  jig  plates.  Another  chapter  describes  a  great  variety  of  designs^  of 
drill  jigs,  tajcen  from  actual  practice.  In  order  to  adequately  cover  this  im- 
portant subject,  it  was  necessary  to  make  this  pamphlet  54  pages. 

No.  4.  Milling  Fixtures. — A  thorough  treatment  of  the  principles  of  the 
design  of  fixtures  for  the  milling  machine,  together  with  a  large  collection  of 
examples  of  milling  fixture  designs,  taken  from  practice. 

No.  5.  First  Principles  of  Theoretical  Mechanics. — Introduces  practi- 
cally all  the  matter  treated  in  large  works  on  theoretical  mechanics,  presented 
for  the  practical  man  in  a  way  that  does  not  require  any  great  amount  of 
mathematical  knowledge. 

No.  6.  Punch  and  Die  Work. — A  general  treatise  on  the  making  and  use 
of  punches  and  dies,  giving  a  variety  of  e;camples  from  actual  practice. 

No.  7.  Lathe  and  Planer  Tools. — A  treatise  on  cutting  tools  for  the  lathe 
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CHAPTER  I. 


ELEMENTARY  PRINCIPLES  OP  MlLLINQ 
MACHINE  FIXTURES. 

The  principal  consideration,  when  designing  fixtures  that  are  to  be 
fastened  solidly  to  the  table  of  a  milling  machine,  should  be  to  have 
the  fixture  firm  enough  to  admit  working  the  machine  and  cutter  to 
their  limit  of  endurance.  In  fact,  the  fixture  should  be  stronger  than 
the  machine  itself,  and  able  to  resist  any  possible  strain  that  the 
cutter  can  exert.  While  fixtures  should  be  strong,  the  movable  parts 
should  be  so  made  as  to  be  easily  manipulated.  All  bearing  and  locat- 
ing points  should  be  accessible  to  facilitate  the  removal  of  chips  and 
dirt  The  action  of  the  clamping  devices  should  be  rapid,  so  that  no 
time  is  lost  in  manipulating  them. 

The  Millinflr  Machine  Vise— False  Vise  Jaws. 

The  first  fixture  to  consider  is  the  milling  machine  vise,  which  has 
a  stationary  and  a  movable  Jaw,  against  which  are  placed  removable 
jaws,  held  in  place  by  means  of  screws.  The  stationary-removable  jaw 
generally  has  connected  with  it  any  shelf,  pins,  or  means  tor  locating 
the  pieces  to  be  machined.  The  reason  for  attaching  them  to  this  jaw 
is  that  this  portion  of  the  vise  is  not  movable,  and  is,  or  should  be, 
stiff  enough  to  resist  without  springing  any  pressure  that  may  be 
exerted  by  means  of  the  crank  and  screw.  The  jaw  attached  to  the 
movable  slide  part. of  the  vise,  on  the  contrary,  is  liable  to  alter  its 
location  slightly  under  strain,  especially  when  the  vise  becomes  worn. 

For  some  purposes,  where  but  a  few  pieces  are  to  be  milled,  or  where 
the  character  of  the  pieces  is  such  that  there. is  not  much  liability 
of  the  jaws  wearing,  and  thus  affecting  the  accuracy  of  the  pieces,  it 
is  safe  to  make  the  jaws  of  cast  iron.  If,  however,  there  is  a  consid- 
erable strain  on  the  jaws,  it  is  advisable  to  make  them  of  steel  and 
harden  them.  For  most  purposes,  jaws  made  of  a  good  grade  of 
machinery  steel  and  properly  case-hardened  answer  as  well  as  those 
made  from  tool  steel,  and  cost  only  a  fraction  as  much  for  stock. 

If  possible,  the  piece  to  be  machined  should  be  held  in  the  jaws 
below  the  level  of  the  top  of  the  vise  in  order  to  avoid  springing  the 
jaws  out  of  a  vertical  position,  as  would  be  the  case  if  the  piece  were 
above  the  level  of  the  top  of  the  vise.  Occasionally  pieces  are  so 
shaped,  however,  that  they  have  to  project  considerably  above  the  top 
of  the  vise  jaws,  in  which  case  the  jaws  may  be  made  with  a  rib  which 
extends  over  the  top  of  the  vise  and  rests  on  the  piece,  as  shown  in 
Fig.  1.  This  furnishes  a  brace  and  prevents  the  springing  that  would 
prove  harmful  to  almost  any  piece  of  work  that  it  would  be  safe  to 
hold  in  a  vise  while  milling.    As  it  would  prove  quite  expensive  if 
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many  Jaws  of  this  style  were  made  from  steel,  they  may  be  made 
from  cast  iron,  and  a  plate  of  steel  placed  where  the  work  is  to  rest, 
as  shown  at  a.  Fig.  1.  After  the  steel  plate  has  been  cut  to  shape  and 
the  locating  device  attached,  the  jaw  may  be  hardened.  If  the  devices 
mentioned  are  pieces  which  must  be  attached  to  the  Jaw,  or  pins  which 
enter  holes  in  it,  they  must  be  removed  when  the  Jaw  is  hardened. 
At  times  it  is  necessary  to  hold  pieces  so  that  they  rest  on  shelves 
on  each  Jaw,  or  are  located  by  pins  in  both  the  stationary  and  movable 
Jaw.  Generally  speaking,  it  is  advisable  to  construct  special  fixtures 
for  such  pieces,  provided  the  degree  of  accuracy  and  the  number  of 
pieces  warrant  the  outlay.  However,  if  the  pieces  must  be  held  in  Jaws 
in  the  vise,  some  method  should  be  found  to  prevent  the  movable  Jaw 
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Fl«s.  1  to  4.    Special  Jawa  for  MUUns  Machine  Viae. 

from  rising  when  pressure  is  applied,  in  the  operation  of  "tightening 
up."  If  the  Jaws  are  reasonably  thick,  large  pins"  may  be  used,  one 
near  each  end  of  the  Jaw,  as  shown  in  Fig.  2.  These  pins  must  be 
forced  solidly  into  one  Jaw  and  fit  closely  in  the  other.  Another 
method  which  works  nicely  is  shown  in  Fig.  3.  In  this  case  the  mov- 
able Jaw  proper  is  connected  with  the  stationary  Jaw  by  means  of  pins, 
or  a  slide  of  different  design.  It  is  not,  however,  attached  to  the 
movable  slide  of  the  vise,  but  a  hardened  piece  of  steel  is  attached  to 
this  and  bears  against  the  movable  part  of  the  Jaw.  Many  other  forms 
are  made,  one  of  which  is  shown  in  Fig.  4.  The  front  portion  hinges 
at  the  bottom,  and  is  pressed  against  the  work  by  a  movable  slide. 
In  all  such  holding  devices,  however,  chips  are  liable  to  get  between 
the  various  parts,  decreasing  their  accuracy. 

When  making  any  form  of  holding  device,  it  is  necessary  to  provide 
a  place  for  the  burrs  that  are  a  result  of  previous  operations,  unless 
they  are  removed  by  a  process  of  filing  or  grinding.  In  many  cases 
these  burrs  will  be  removed  by  future  operations  if  it-  is  possible  to 
provide  a  place  for  them  so  that  they  will  in  no  way  affect  the  accuracy 
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of  the  piece.  For  this  reason  milling  machine  Jaws  and  other  fixtures 
are  cut  away  or  recessed  in  places  to  allow  the  burrs  a  place  in  which 
to  drop,  as  shown  in  Fig.  5  at  A.  At  B  a  piece  of  work  Is  shown  with 
the  burr  mentioned. 

Provisions  for  BemoTinflr  Chips. 
It  is  the  custom  in  most  shops  to  provide  a  liberal  supply  of  oil,  or 
other  lubricant,  for  cutters  when  milling  work  that  requires  lubrica- 
tion. In  many  cases  this  fluid  is  used  to  wash  out  the  jaws  or  fixtures 
after  removing  a  piece  of  work.  As  this  supply  is  used  over  and  over, 
however,  it  is  liable  to  become  thick  and  gummy,  and  apt  to  prove 
harmful  rather  than  helpful,  unless  the  operator  watches  his  fixtures 
closely.  In  some  shops  compressed  air  is  used  to  blow  chips  from  the 
working  surface,  and  in  many  cases  "works  like  a  charm."  On  certain 
jobs  nothing  seems  so  effective  as  the  hand  and  finger  method  for 
cleaning  the  surfaces  of  the  fixtures. 


W\g.  6.    ArrSDLsemeBt  of  Flxtnra  or  Viae  Jaw  to  Aooomodafee  Bttrr. 

One  example  of  the  necessity  of  taking  account  of  the  question  of 
chips,  taken  from  actual  practice,  may  give  this  matter  its  full  empha- 
sis. This  example  also  shows  how  at  times  it  is  necessary  to  change 
existing  methods  in  order  to  accomplish  the  desired  result.  A  piece 
of  work  consisting  of  a  flange,  as  shown  in  Fig.  6,  was  provided  with 
projecting  portions,  a  a,  which  were  to  be  straddle-milled.'  The  jaws 
of  the  vise  used  to  hold  this  piece  had  circular  grooves,  &  &,  Fig.  7, 
which  were  thought  necessary  to  properly  hold  the  piece,  since  the 
pull  of  the  cutters  was  in  an  upward  direction;  but  these  grooves  made 
an  excellent  place  for  a  deposit  of  chips,  and  as  it  was  a  difficult  mat- 
ter to  clean  them,  and  as  the  operator  was  working  by  the  piece  at  a 
rather  low  rate,  and  consequently  was  not  inclined  to  take  too  great 
precautions,  the  edges  of  the  flanges  of  the  piece  being  milled  became 
badly  scored,  and  required  an  extra  operation  in  the  turret  lathe  to 
remove  the  marks.  To  overcome  this  difficulty,  the  projecting  lips  of 
the  vise  jaws  were  cut  away  and  the  direction  of  rotation  of  the  cut- 
ters reversed,  the  overhead  belt  being  changed  so  that  the  cutters 
would  run  onto  the  work,  thus  holding  the  work  securely  down  on  the 
seating  surface  of  the  jaws. 

Special  Forms  of  Vise  Jaws. 

It  sometimes  happens  that  the  opening  in  the  vise  is  not  sufficient 
to  take  in  a  long  piece  of  work,  in  which  case  the  jaws  may  be  made 
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of  a  form  shown  in  Fig.  8.  At  other  times  the  vise  may  be  used 
with  the  movable  jaw  of  the  original  form,  and  with  the  stationary 
Jaw  arranged  as  in  Fig.  9.  In  this  case  a  flat  piece  of  steel  is  attached 
to  the  outside  of  the  jaw  by  means  of  screws  which  are  a  snug  fit  in 
holes  drilled  and  reamed  in  both  the  auxiliary  and  stationary  jaws  of 
the  vise.  It  is  apparent  that  such  an  arrangement  does  not  allow 
great  accuracy,  as  the  jaw  on  the  end  has  no  backing,  and  consequently 
will  easily  spring,  yet  there  are  instances  where  it  answers  the  pur- 
pose as  well  as  a  costly  fixture.  If  milling  machine  vises  are  drilled 
for  screws  that  hold  jaws  in  such  a  manner  that  the  jaws  will  readily 
go  on  any  vise,  much  valuable  time  may  be  saved.  .  If  we  are  equipping 


Fiff.0.    A  DliBonlt  straddle 
MUltnsJob. 


FlflT.  *f-    Arraasement  of  Viae  Jawa 
to  Hold  Pleoe  Shown  la  71«.  O. 


a  shop  with  new  machines,  this  may  be  readily  accomplished,  as  we 
may  order  vises  drilled  alike  and  correspdnding  with  some  vise  already 
in  use,  and  to  which  a  number  of  pairs  of  jaws  are  fitted. 

Cams  or  Eccentrics  for  Bindincr  Vise  Jaws. 

The  vises  ordinarily  furnished  with  milling  machines  are  opened  and 
closed  by  means  of  a  screw.  Unless  it  is  necessary  to  apply  consider- 
able pressure  to  the  piece  being  held,  this  form  of  vise  will  not  work 
as  quickly  as  desirable  where  cheapness  of  production  is  a  factor.  To 
overcome  this  objection,  vises  are  made  so  that  the  slide  may  be 
opened  and  closed  by  means  of  a  cam  and  lever,  and  unless  there  is 
much  variation  in  the  sizes  of  pieces  being  machined,  the  cam  will 
cause  the  work  to  be  held  sufficiently  firm.  The  work  may  be  placed 
in  and  taken  out  in  this  way  much  more  quickly  than  when  a  vise 
operated  by  a  screw  is  used.  In  fact,  where  such  a  vise  will  answer 
the  purpose,  it  will  be  found  as  cheap  to  operate  and  as  satisfactory  in 
results  as  special  fixtures;  and  the  jaws  necessary  when  starting  a  new 
job  are,  as  a  rule,  much  cheaper  than  special  fixtures. 

When  it  is  necessary  to  cut  In  the  vise  Jaws  the  shape  of  the  piece 
to  be  milled,  it  may  be  done  by  milling  with  the  mills  to  be  used  on 
the  work,  as  shown  in  Fig.  10.    The  pins,  or  other  appliances  for  hold- 
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ing  the  work,  should  be  added,  and  are  then  again  removed  and  the 
Jaws  hardened. 

HardeninflT  Vise  Jaws. 

While,  as  mentioned,  such  parts  of  tools  as  milling  machine  Jaws 
are  ordinarily  made  from  machinery  steel,  open-hearth  steel  which 
does  not  contain  over  25  or  30  points  carbon  is  to  be  preferred.  This 
may  be  case-hardened  nicely  in  oil  with  little  or  no  liability  of  spring- 
ing, as  the  depth  o!  hardness  necessary  does  not  call  for  extreme  heat, 
which  causes  the  steel  to  go  out  of  shape  and  also  opens  the  grain 
of  the  steel  and  renders  it  more  liable  to  become  indented  should  a 
chip  be  pressed  against  the  surface.  The  jaws,  if  made  of  this  kind 
of  steel,  may  be  packed  in  the  hardening  box  with  a  mixture  of  charred 
bone  and  wood  charcoal — equal  quantities — and  run  five  or  six  hours 
after  they  are  red  hot.  Then  they  may  be  removed  and  dipped  in  a 
bath  of  oil,  working  them  up  and  down  lengthwise  in  the  oil  until  the 
red  has  entirely  disappeared;  after  which  they  may  be  lowered  to  the 
bottom  of  the  tank  and  allowed  to  remain  until  cold. 

If  for  any  reason  it  is  necessary  to  harden  the  piece  deeper  than 
can  be  done  in  the  length  of  time  mentioned  above,  then  the  red-hot 
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Fiir.8.    Off-Mt  Viae  Jaws.  Flf.  O. 

Jaws  may  be  exposed  to  the  action  of  the  carbonaceous  material  for  a 
greater  length  of  time.  If  the  Jaws  are  made  from  the  grade  of  stock 
mentioned,  and  are  given  a  low  heat,  there  should  be  no  springing 
during  the  hardening  process. 

Regular  Milling  Fixtures. 

There  are  many  pieces  of  work  that  can  be  machined  at  a  much  less 
cost  if  a  fixture  specially  designed  for  the  purpose  is  used.  When  the 
number  of  pieces  to  be  done  warrants  the  outlay,  it  is  generally  advis- 
able to  pursue  this  policy.  There  are  other  pieces  of  work  that  must 
be  held  in  specially  designed  fixtures  in  order  to  produce  a  sufficient 
degree  of  accuracy,  and  there  are  still  others  that  cannot  be  machined 
unless  such  fixtures  are  provided.  The  design  of  such  fixtures  should 
always  depend  on  the  number  of  pieces  to  be  machined,  and  the  cost 
of  doing  the  work.  If  a  fixture  is  to  be  used  for  machining  a  relatively 
small  number  of  pieces,  then  it  should  be  made  at  as  small  a  cost  as 
possible.  If,  on  the  contrary,  it  is  to  be  used  as  a  permanent  fixture 
for  machining  the  same  class  of  work  for  an  indefinite  period,  then  it 
should  be  made  in  a  manner  to  insure  Its  "standing  the  racket."  Such 
fixtures  should  be  made  very  strong  and  solid,  as  the  cost  for  stock 
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and  labor  is  not  much  greater  than  when  making  a  too  light,  more  or 
less  useless  contrivance. 

As  cast  iron  is  the  material  used  for  the  base  of  most  fixtures  of 
this  kind,  plenty  of  the  material  rightly  distributed  will  insure  free- 
dom from  chattering  and  uniformity  of  the  product,  provided  other 
conditions  are  right.     This  additional  weight  of  cast  iron   does  not 
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Pltf.  1 0.    viae  Jaw  made  to  06rreapOBd  to  Shape  of  Work. 

materially  add  to  the  cost  of  the  fixture.  As  a  rule,  cast  iron  does  not 
prove  satisfactory  as  a  surface  against  which  to  bed  small  pieces  when 
milling,  and  for  this  reason  a  surface  of  steel  is  generally  provided 
for  this  purpose. 

Bxamples  from  Actual  Bxpertence. 

Fig.  11  shows  a  milling  machine  fixture  used  for  milling  a  leaf  for  a 
vernier  rifle  sight.  It  is  necessary  to  have  the  sides,  a  a,  of  the  leaf 
parallel  to  the  sides  of  the  slot.  The  base,  &,  of  the  fixture  is  made  of 
cast  iron,  the  bottom  of  which  is  planed  flat.     It  has  a  slot  cut  in  it 
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Flff.  11.    Eiztare  for  MUllnff  Blfle  SIffht.  - 

to  receive  the  tongue  pieces  which  fit  the  tongue  slot  in  the  table.  A 
groove  is  cut  in  the  top  surface  to  receive  a  tongue  on  the  steel  por- 
tion, c.  This  is  attached  to  the  base  by  means  of  screws,  after  which 
the  projection  d,  for  the  rifle  sight,  is  milled  In  the  machine  used. 
This  insures  perfect  alignment  between  the  sides  of  the  tongue,  d,  and 
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the  table  travel,  and  in  consequence  the  sides  of  the  leaf  are  exactly 
parallel  to  the  walls  of  the  slot  when  the  pieces  are  milled.  In  the 
case  of  this  particular  piece  of  work  it  was  found  necessary  to  provide 
a  somewhat  complicated  contrivance  to  hold  the  leaf  down  onto  the 
fixture  while  milling,  as  the  cut  was  rather  heavy,  compared  with  the 
strength  of  the  sides  of  the  leaf.  But  it  was  suggested  that  by 
reversing  the  cutters  and  running  them  down  onto  the  work,  rather 
than  against  it,  the  cutters  would  be  made  to  hold  the  work  down 
on  the  seating  surface  rather  than  to  tend  to  raise  it.  All  that 
was  needed  then  was  two  screws,  the  heads  of  which  screwed  down 


Maehnttrg,  N.T. 
Flff.  la.    Testing  tbe  AUffnxnent  of  the  MUUnff  Machine  Saddle. 

onto  the  leaf.  To  release  the  leaf  it  was  necessary  to  give  the*screw 
but  a  quarter  turn,  as  the  opposite  sides  were  cut  away  to  a  width  a 
trifle  less  than  the  width  of  the  slot  in  the  leaf.  The  only  reason  it 
was  necessary  to  provide  the  screws  was  that  at  the  ends  of  the  cut 
the  pressure  of  the  cutters  tended  to  tip  the  leaf. 

Alignment  of  the  Milling  Machine  Table. 

In  order  to  produce  good  work  when  straddle-milling  on  a  single- 
spindle  milling  machine,  it  is  necessary  to  have  the  table  travel  exactly 
at  right  angles  to  the  axis  of  the  spindle.  Should  it  not  do  so,  it  will 
be  necessary  to  either  scrape  the  saddle  or  swivel  the  head  to  get  the 
alignment.  The  Lincoln  type  of  miller  usually  has  provision  for  the 
latter  adjustment,  but  if  not,  and  the  saddle  must  be  scraped,  it  is 
better  to  scrape  the  sliding  surfaces  which  bear  against  the  bed, 
instead  of  the  table  slides,  unless  the  latter  should  be  so  badly  worn 
as  to  need  scraping. 
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The  alignment  of  the  saddle  of  a  milling  machine  may  be  tested 
by  means  of  a  piece  of  wire  attached  to  the  spindle,  as  in  Fig.  12. 
In  this  case  the  bearing  surface  to  be  tested  is  on  a  bevel,  instead  of 
standing  vertical,  and  therefore  a  cast  iron  block  is  planed  to  fit  the 
'angle  portion,  the  block  having  a  vertical  surface  for  the  point  of  the 
wire  to  bear  against. 

Principle  of  Qang  Fixtures. 
Fixtures  are  many  times  made  to  hold  two  or  more  pieces  of  work 
to  b3  machined  at  the  same  time,  thus  increasing  the  efficiency  of  the 
machine.  Fig.  13  represents  a  fixture  used  in  milling  a  bolt  head 
flat  on  opposite  sides.  The  fixture  is  designed  to  do  away  with  any 
inaccuracy  that  might  result  from  an  attempt  to  mill  bolts  whose 
bodies  were  of  varying  sizes.  For  this  reason  the  grooves  for  holding 
the  bolts  are  made  V-shaped  instead  of  circular.  The  fixture  is  so 
designed  as  to  allow  the  strain  incident  to  cutting  to  come  against 
the  solid  part  of  the  fixture.    To  insure  ease  of  manipulation,  the  cam 
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Flff.18.    Fixture  for  MUUnff  Bolt  Bettda. 

levers,  used  in  clamping  the  pieces  in  the  fixture,  are  located  in  the 
portion  of  fixture  nearest  the  operator.  Were  they  located  on  the 
opposite  side  it  would  be  necessary  to  run  the  table  back  far  enough 
to  get  the  cam  levers  away  from  the  cutters,  so  as  not  to  endanger  the 
operator's  hands.  Then  again,  if  located  nearer  the  cutters,  they 
would  be  covered  with  chips,  thus  rendering  it  necessary  to  clean  them 
every  time  before  handling.  The  designer  should  always  have  in  mind 
the  safety  of  the  operator,  not  only  from  a  humanitarian  standpoint, 
but  also  because  accidents  caused  through  poorly  constructed  tools  and 
appliances  are  extremely  costly  to  the  manufacturing  concern  in  whose 
shops  they  happen. 

Prevention  of  Springing  Action  in  Fixtures. 
It  is  generally  the  best  practice  to  have  the  device  used  in  binding 
the  piece  of  work  to  the  fixture  connected  with  that  part  which  holds 
the  work,  as  shown  in  Fig.  14.  If  this  plan  is  adopted  there  is  no 
danger  of  springing  the  fixture  and  thus  producing  work  which  is  not 
uniform  to  gage,  as  might  happen  if  the  design  shown  in  Fig.  16  were 
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used.  If  the  fixture  Is  extremely  heavy  and  there  is  a  certain  amount 
of  error  allowable  In  the  gaging,  the  objection  to  the  method  shown  in 
Fig.  15  would  not  be  readily  apparent.  However,  for  accurate  work 
it  is  advisable,  when  possible,  to  adopt  the  method  shown  in  Fig.  14, 
for  it  is  possible  to  spring  fixtures  which  are  apparently  quite  strongs. 


FlQ.  16  Fig.  17 

Flgm,  14  to  17.   Freventtiiir  Spilnglnir  A.otton  in  Viae*  mnd  Ftztores. 

If  a  fixture  is  to  be  made  in  the  form  of  an  angle  iron  and  consider- 
able strain  is  to  be  exerted  by  the  operatioxt  of  cutting,  the  upright 
portion  of  fixture  should  be  made  heavy,  so  as  to  absorb  vibration,  and 
it  should  be  well  braced  on  the  back  to  prevent  any  tendency  to  yield 
under  the  strain.  If  such  a  fixture  were  made  as  shown  in  Fig.  16,  the 
piece  of  work  being  machined  would  be  chatter-marked  from  the  vlbra- 


FIff.18.  (  Flff.lO. 

X*ropera>Bd  Improper  Dlreotton  of  Out. 

tion,  and  out  of  true  from  the  yielding  of  the  fixture.  If  it  were  made 
as  shown  in  Fig.  17  neither  of  these  troubles  would  be  experienced, 
provided  other  conditions  were  right.  When  possible,  the  pressure  of 
the  cutter  should  always  be  against  the  solid  part  of  the  fixture,  as 
shown  in  Fig.  18,  rather  than  against  the  holding  device,  as  in  Fig.  19. 
One  thing  that  is  sometimes  overlooked  is  the  inability  of  the  cutter 
arbor  to  do  the  work  without  springing.  Many  times  cutters  are  made 
with  holes  so  small  that^the  arbor  cannot  transmit  the  power  without 
springing.  If  arbors  are  made  for  a  special  Job  and  are  to  be  subjected 
to  great  strain,  they  should  be  as  short  as  possible. 


Digitized  by 


Google 


12 


MILLING  FIXTURES 


Fundamental  Principles  of  MUlinfr  Fixture  Desisrn. 

The  simplest  fixture  that  will  hold  the  work  in  a  satisfactory  manner 
is,  as  a  rule,  the  most  satisfactory,  to  say  nothing  of  its  lower  cost. 
It  is  necessary  at  times,  in  order  to  accomplish  a  certain  purpose,  to 
make  a  complicated  fixture,  but  the  more  complicated  such  a  tool  is. 
the  greater  the  probability  of  its  getting  out  of  alignment  and  out 
of  working  condition.  There  is  a  tendency  on  the  part  of  many  young 
designers  to  make  elaborate  fixtures,  not  realizing  that  true  success  in 
this  branch  of  business  depends  on  making  all  machines  and  tools  in 
the  simplest  way  possible.  To  be  sure,  most  of  the  automatic  machin- 
ery on  the  market  is  very  complex  in  design,  but  the  designer  uses 
every  effort  to  simplify  where  possible,  and  still  have  it  accomplish 
the  desired  result. 

While  it  is  absolutely  necessary  that  milling  machine  fixtures  be 
made  in  a  manner  that  insures  the  desired  degree  of  accuracy,  yet 
they  should  be  so  designed  that  the  work  may  be  placed  in  and  taken 
out  in  the  shortest  space  of  time  possible,  since  this  item  adds  very 
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Flflr*  so.    Drop  Forired  Jaw,  Flnlohed  by  MiUliiff. 

materially  to  the  cost  of  the  article.  As  it  is  customary  to  have  the 
operator  run  several  machines,  the  greater  the  length  of  time  necessary 
to  devote  to  one  machine,  the  fewer  machines  he  can  tend. 

So  far  as  possible  the  design  should  be  worked  out  by  always  work- 
ing to,  or  by,  a  given  surface,  or  other  working  point,  and  in  making 
the  fixture  the  same  principle  should  be  adhered  to.  It  is  poor  practice 
to  change  and  work  from  a  different  working  surface  unless  compelled 
to  do  so,  as  any  slight  inaccuracy,  that  in  itself  might  be  of  little  con- 
sequence, might  affect  other  vital  portions.  This  same  principle  should 
apply  to  all  machining  operations. 

Examples  of  Practical  Applications. 
As  an  example  of  what  has  Just  been  said,  let  us  consider  the  cutting 
plier  Jaw  shown  in  Fig.  20.  This  Jaw  was  first  forged  to  shape  from 
tool  steel  under  a  drop  hammer.  The  side  marked  a  was  milled  first, 
after  which  the  opposite  side  was  milled.  Unless  great  care  were 
taken  when  seating  in  the  Jaws,  the  second  side  milled  would  not  be 
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parallel  with  the  first.  Now,  this  would  not  materially  affect  the  fin- 
ished Jaw  if  one  particular  side  were  selected  and  worked  to  through- 
out the  various  milling  operations.  The  surface  a  was  selected  as  the 
working  surface  and  was  the  one  placed  against  the  working  surface  of 
the  drill  jig.  Then,  under  normal  conditions,  the  drilled  holes  would 
he  square  with  the  surface  worked  from.  The  same  side  was  also 
placed  against  the  stationary  jaw  in  milling  machine  vise  when  milling 
the  surfaces  c  and  4-  Then,  if  the  jaws  were  properly  made  and  set 
in  the  vise  and  reasonable  care  taken  to  prevent  the  presence  of  chips 
and  dirt,  the  surfaces  c  and  d  would  be  square  with  a. 

A  simple  method  ttf^se  when  it  is  requtred  to  mill  a  block  perfectly 
square  is  to  first  straddle-mill  two  sides  by  holding  the  block  in  the 
jaws  of  a  milling  machine  vise.  The  other  sides  are  straddle-milled 
by  holding  the*  piece  in  the  simple  fixture  shown  in  Fig.  21^  so  designed 
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Flff.  21.    Flztore  ft>r  Straddle  TtflUlng. 

that  when  the  piece  is  fastened  in  the  fixture,  the  tendency  of  the 
tightening  device  is  to  draw  one  of  the  sides  that  were  milled  at  the 
first  operation  down  onto  the  seating  surface  of  the  milling  fixture 
as  shown  in  Fig.  21.  The  tilting  block  &,  bearing  at  the  bottom,  acts 
in  such  a  manner  that  when  pressure  is  applied  with  the  screw  it 
forces  the  work  down  on  the  seating  surface  of  the  fixture,  and  against 
the  upright.  It  might  be  found  necessary  when  starting  to  use  a 
fixture  of  this  description  to  block  up  under  one  edge  with  paper  to 
bring  the  milled  surfaces  square  with  the  seating  surface,  as  the 
spindle  and  table  of  the  machine  might  not  stand  exactly  parallel.  This 
must  be  ascertained  by  experiment.  The  parallelism  of  the  two  may 
be  tested  with  a  height  indicator  of  the  description  shown  in  Fig.  22. 
However,  If  it  is  found  necessary  to  raise  or  lower  the  machine  the 
table  may  not  stand  in  exactly  the  same  relation  to  the  arbor  as  before 
moving.  Then,  again,  the  arbor  may  not  be  exactly  true.  All  these 
things  must  be  taken  into  account  when  testing  machines  for  align- 
ment. 
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MiUlnfir  a  Bicycle  Hub. 
Fig.  23  shows  a  bicycle  hub  having,  projections.  Through  these  pro- 
jections, or  ears,  are  drilled  holes  to  receive  the  spokes.  The  equip- 
ment of  milling  machines  in  the  shop  where  these  hubs  were  to  be 
milled  was  not  sufficient  to  turn  out  the  required  number  of  pieces,  and 
as  it  was  not  deemed  wise  to  increase  the  equipment,  ways  were 


Flf.  23.    Testing  th«  PanOleUam  of  Teble  sad  Spindle. 

devised  of  doing  the  additional  amount  of  work  on  the  machines  on 
hand.  In  order  to  accomplish  this  task,  it  was  found  necessary  to 
make  multiple  fixtures. 

Two  fixtures  were  made  to  go  side  by  side  on  a  plate,  each  fixture  to 
hold  a  hub.    A  dog  was  attached  to  one  end  of  the  hub,  the  tail  of  the 


Flff.aa.   BlcyOle  Hab. 


dog  entering  an  opening  in  the  plate  on  the  nose  of  the  fixture  spindla 
On  the  other  end  of  the  spindle  was  an  index  plate  having  around  its 
circumference  a  number  of  holes  equidistantly  spaced,  the  number  of 
which  corresponded  with  the  number  of  teeth  to  be  milled  on  the 
hub.  A  hardened  steel  pin  entered  these  holes  and  thus  located  the 
hub.  In  making  fixtures  of  this  character  where  fine  chips  can  get 
into  the  holes,  it  is  advisable  to  make  locating  holes  straight  rather 
than  tapering,  since  when  the  holes  are  tapering  there  is  a  strong 
probability  of  fine  particles  getting  in  the  holes  on  one  side  of  the  pin, 
thus  causing  the  work  to  be  unevenly  spaced;  but  where  the  hole  and 
pin  are  straight,  if  the  pin  enters  the  hole,  it  must  necessarily  locate 
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the  spindle  properly.  If  the  holes  and  pins  are  properly  ground  apd 
lapped,  they  will  retain  their  size  for  a  long  time.  In  order  to  facili- 
tate the  pin  entering  the  hole  the  end  should  be  chamfered  somewhat. 
When  milling  the  Job  shown  in  Fig.  23,  it  occurred  to  the  operator 
that  not  only  could  two  hubs  be  milled  at  a  time,  but  one  could  also 
make  each  cutter  able  to  thill  the  spaces  between  two  teeth  each  time, 
mak^g  a  cutter  of  the  form  shown  in  Fig.  24.  This  shows  how 
fixtures  and  ipethods  are  the  results  of  gradual  development,  and 
almost  any  operation,  however  well  planned,  can  almost  always  be  still 
further  improved  upon. 

Milling  a  Tapered  Square  Bnd  on  an  Axle  or  Tool. 
In  Fig.  25  is  shown  a  fixture  used  to  mill  a  square  on  the  end  of 
an  axle,  but  with  the  four  sides  on  a  slight  taper  with  the  axis  of  the 
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Fiff.  afi.   Fixture  for  Sqnarlnff  Bnd  of  Axle. 

axle.  On  this  account  it  was  necessary  to  use  an  end  mill  rather  than 
a  face  mill,  and  in  order  to  use  an  end  mill  in  the  ordinary  milling 
machine,  the  fixture  must  hold  the  axle  in  a  vertical  position  and 
with  the  axle  standing  at  the^  right  angle  to  produce  the  proper  taper. 
It  was  found  to  be  impossible  to  drill  the  spacing  holes  in  the  index- 
ing dial  of  the  fixture  with  sufficient  accuracy  by  holding  it  between 
the  centers  of  the  dividing  head  when  the  holes  were  drilled  on  the 
universal  milling  machine,  and  it  was  necessary  to  resort  to  another 
scheme.  A  disk  about  six  inches  in  diameter  was  placed  between  the 
centers  of  the  universal  milling  machine,  and  by  means  of  an  end  mill 
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was  squared.  When  tested  with  a  square,  it  was  found  that  the  sides 
were  not  exactly  square  with  each  other,  however,  and  they  were 
carefully  scraped  until  they  were  as  square  as  it  seemed  possible  to 
get  them.  The  disk  was  then  placed  on  a  stud  located  on  an  angle 
plate  attached  to  the  face-plate  of  a  lathe.  The  indexing  dial  to  be 
drilled  was  then  fastened  to  the  squared  disk,  and  after  locating  one 
side  of  the  latter  parallel  with  the  face-plate,  a  hole  was  drilled  and 
bored  in  the  dial  at  the  proper  location,  after  which  the  stud  was 


rig.  flO.   Axle  Mflled  In  Fixture  Shown  In  Fiff .  20. 

turned  so  the  next  side  of  the  squared  piece  was  parallel  with  the  face- 
plate. By  continuing  this  method,  four  holes  were  drilled  and  bored 
that  were  equidistant  from  each  other.  These  holes  were  bushed  with 
hardened  steel  bushings,  ground  inside  and  outside,  and  then  forced 
into  the  holes.  Pieces  milled  on  this  fixture,  and  which  were  located 
by  this  dial,  were  found  so  nearly  square  that  no  error  could  be 
detected  when  tested  with  a  square.  Fig.  26  represents  the  axle  whose 
ends  were  milled. 

In  the  previous  examples  an  attempt  has  been  made  to  avoid  using 
complicated  fixtures  in  illustrating  the  various  methods  of  doing  work, 
as  they  would  be  more  confusing,  and  the  simple  fixtures  illustrate  the 
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FliT*  97.    Oastliif  to  be  IClUed  In  Fixture  ahown  In  Flff .  88. 

methods  involved  as  well.  There  are  certain  principles  which  must  be 
observed  in  designing  fixtures  of  this  character.  These  can  be  more 
plainly  illustrated  when  simple  fixtures  are  shown,  but  the  designer 
may  elaborate  as  much  as  is  necessary  to  produce  a  tool  adapted  to 
the  work  in  hand. 

Fixtures  with  Adjustable  Supports. 

We  often  have  to  mill  articles  of  cast  iron  or  other  metals  which 
are  not  uniform. in  size  or  shape,  and  which  would  not  locate  alike 
in  any  fixture,  without  means  of  compensation  for  the  irregularities. 
It  has  been  noticed  that  columns  of  milling  machines,  which  weighed 
400  or  500  pounds,  have  sprung  out  of  true  when  on  the  planer  table 
by  tightening  a  holding  bolt,  when  the  wrench  used  was  an  ordinary 
6-inch  wrench,  apparently  applied  with  small  force.  To  secure  a  good 
job,  it  is  therefore  necessary  to  block  under  the  work  very  carefully, 
and  then  fasten  it  securely  for  the  roughing  cut;  and  for  the  finish  cuts 
the  strains  on  the  clamp  have  to  be  removed  entirely,  or  nearly  so. 
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If  it  is  possible  to  spring  a  large  mass  of  metal  in  this  manner,  it  is 
apparent  that  comparatively  weak  pieces  may  be  distorted  very  easily. 
For  this  reason,  it  is  necessary  many  times  to  provide  adjustable  sup- 
ports at  the  points  where  the  fastening  devices  are  located,  and  also  at 
points  where  the  pressure  of  the  cutter  would  have  a  tendency  to 
spring  the  piece. 

Fig.  27  represents  an  iron  casting,  the  surfaces  of  which  are  to  be 
milled.  As  castings  will  distort  more  or  less  in  cooling,  and  as  they 
are  very  liablQ  to  alter  their  shape  when  the  surface  "skin"  is  removed, 
it  is  often  necessary  to  provide  fixtures  with  adjustable  supports  for 


ng.  28.    nxtore  for  Bupportliiir  Piece  Shown  in  Flff .  27. 

holding  the  piece,  as  shown  in  Fig.  28.  In  milling  a  piece  like  that  of 
Fig.  27,  such  a  fixture  should  be  used  when  taking  roughing  cuts  on 
surfaces  a  and  J>,  and  the  finish  cuts  on  surface  Z». 

In  the  case  of  work  that  must  be  very  accurate  as  to  dimensions 
and  truth  of  finished  surfaces,  it  will  be  found  necessary  to  finish  the 
surface  o  approximately  true  by  means  of  grinding  or  scraping  before 
milling  the  surf  ace  Z)  for  finish.  This  is  especially  true  with  such  work 
as  the  knee  of  a  milling  machine,  as  shown  in  Fig.  29,  where  it  would 
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Flff.  29.   Methods  Used  for  Aoonrately  Flnlahlxiff  »  liming  Maohine  Knee. 

be  necessary  to  rough  mill  the  surfaces  a  and  Z»  and  finish  mill  a. 
After  this,  the  knee  should  be  "rough  scraped"  to  give  it  a  bearing 
against  the  fixture  and  to  prevent  it  winding  or  twisting,  as  would  be 
the  case  if  the  surface  a  were  not  true  and  were  clamped  against  the 
fixture.  To  attempt  to  scrape  these  surfaces  and  get  out  a  wind  occa- 
sioned by  inaccurate  milling,  owing  to  one  of  the  surfaces  not  being 
flat  against  the  holding  device,  when  the  finishing  cut  was  taken  over 
the  other  surface,  would  cause  much  needless  expense.    While  the 
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above  remarks  are  applied  directly  to  the  milling  of  a  milling  machine 
knee,  they  are  equally  applicable  to  any  piece  of  work  that  must  be 
true,  and  whose  shape  or  material  renders  it  liable  to  spring  as  a 
result  of  some  machine  operation. 

There  are  jobs  which  require  a  number  of  cuts  on  one  side  and 
which^  must  be  of  a  certain  uniform  depth  from  a  given  surface.  If 
the/ pieces  are  of  a  uniform  thickness  they  may  be  held  in  the  usual 
manner,  by  having  the  under  sid^  of  the  piece  bear  against  the  seating 
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Flff.  80.    Work  MOled  In  Plztoro  Flff.  81. 

surface  of  the  fixture  and  the  cuts  taken  on  the  upper  side.  If,  how- 
ever, the  pieces  are  not  of  a  uniform  thickness,  and  the  cuts  must  be 
of  an  exact  depth,  some  other  method  of  holding  must  be  employed. 
Fig.  30  represents  a  cap  used  for  holding  a  traveling  carriage  in  place 
on  a  knitting  machine.  The  V-grooves  a  a  must  be  of  given  depth  from 
the  surface  Z»,  and  owing  to  certain  conditions  it  is  not  practicable  to 
mill  that  surface  at  the  time  the  grooves  are  milled.  The  distances 
from  the  screw  holes  must  also  be  equal. 


Mackmgrjf,  N.r. 

mg.  81.    Fixture  Ibr  Holdtn«r  the  Piece  Shown  In  Fl«.  80,  whUe  MUUnff. 

A  fixture  of  the  design  shown  in  Fig.  31  was  made  to  hold  the  cap 
when  milling  the  V-slots  and  bevel  on  ends.  It  will  be  observed  that 
it  is  an  inverted  fixture  and  that  the  surface  h  of  the  cap,  which  has 
been  previously  milled,  rests  against  an  under  surface  of  the  fixture. 
Fins  which  fit  the  screw  holes  in  the  cap  project  from  the  seating  sur- 
face of  the  fixture  and  enter  these  holes,  thus  properly  locating  the  cap. 
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which  is  securely  held  against  the  seating  surface  hy  means  of  a 
wedge.  Between  the  wedge  and  cap  is  placed  a  block,  as  shown.  When 
the  wedge  is  driven  forward,  the  block  may  be  removed  and  the  cap 
taken  from  the  fixture.  The  pin  at  the  thin  edge  of  the  wedge  pre- 
vents the  -wedge  from  being  driven  entirely  out  of  the  fixture. 

At  times  when  fixtures  of  the  character  mentioned  are  to  be  used, 
it  is  wise  to  make  them  of  the  style  shown  in  Fig.  32,  the  cutters  being 
beneath  the  fixture.  In  this  case,  the  seating  surface  being  uppermost, 
it  is  more  easily  cleaned  than  when  the  fixture  shown  in  Fig.  31  is  used. 

Bridge  Milling. 

A  method  of  milling  a  certain  class  of  work  which  Is  not  used  so 
extensively  as  it  was  a  number  of  years  ago,  and  wltlch  Jt»  entirely 
unknown  to  many  mechanics,  is  known  as  bridge  milling.  In  some 
shops  work  is  done  on  profiling  machines  which  might  be  done  in  a 
satisfactory  manner  by  this  method  and  at  a  fraction  of  the  cost.  The 
desired  shape  is  produced  by  means  of  a  form,  A,  which  is  securely 


Flff .  8fl.   Another  Flartnra  for  Holding  the  Wox4c  Sho^B  In  Flff.  80. 

fastened  to  the  movable  leaf,  B,  of  the  fixture,  as  shown  in  Fig.  33. 
This  leaf  is  swung  between  two  uprights,  0  0,  by  means  of  a  heavy 
steel  pin.  The  base  of  the  uprights  is  securely  fastened  to  the  table 
of  the  milling  machine  by  screws.  To  each  side  of  the  saddle,  and 
directly  opposite  each  other,  are  fastened  posts,  DD,  which  support 
the  bridge,  E,  reaching  across  the  table.  The  lower  side  of  the  bridge 
should  be  but  a  trifle  above  the  table,  say  0.001  inch,  so  that  the  table 
of  the  machine  may  prevent  it  from  springing  more  than  that  amount 
when  pressure  is  exerted  by  the  operation  of  cutting.  In  the  surface 
of  the  bridge  is  cut  a  slot  to  receive  a  hardened  steel  piece,  K  K,  which, 
being  narrow  at  the  top,  allows  the  movable  leaf  to  move  in  conformity 
to  the  shape  of  form  fastened  to  its  under  side. 

Fixtures  of  this  character  may  be  used  .many  times  for  milling  a 
number  of  pieces  at  once.  As  an  example  may  be  mentioned  a  fixture 
for  milling  the  legs  of  machinists'  calipers.  These  are  milled  from 
pieces  of  square  machinery  steel  to  the  shape  shown  in  Fig.  34,  where 
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a  represents  t&e  piece  of  mild  steel  cut  to  length;  t,  after  one  side 
is  milled  to  shape;  and  c,  after  both  sides  have  been  milled.  Eight 
pairs  of  legs  are  milled  at  a  time,  and  at  a  fraction  of  the  cost  of 
drop  forglngs. 

Fig.  35  shows  a  case  of  bridge  milling  the  flat  portion  at  the  end  of 
a  bicycle  crank.  As  in  the  case  of  the  caliper  legs,  a  double  fixture 
Is  used  and  six  pairs  of  cranks  milled  at  a  time,  milling  the  rlght- 


Flff .  88.   Prlnolple  of  Brld^  mUlBff  Fixture. 

hand  crank  in  one  fixture  and  the  left-hand  in  the  other.  These 
are  located  side  by  side  on  the  same  machine.  On  account  of  the 
unequal  quantity  of  stock  removed  at  the  various  portions,  a  slight 
Inaccuracy  can  be  observed,  but  this  Is  corrected  by  running  the 
cutters  across  the  work  twice  at  the  same  setting  of  the  pieces. 

In  these  two  examples  of  bridge  milling  cited,  the  milling  was 
done  with  straight  cutters,  whose  teeth  were  cut  spirally*  the  helix 
being  right-hand  on  one  cutter  and  left-hand  on  the  other,  to  do  away 
with  the  thrust  incidental  to  long  interlocked  spiral  mills  where  the 
teeth  of  several  cutters  are  of  the  same  hand  helix. 

Vertical  Spindle  Milling. 

When  surfaces  are  to  be  machined  flat  it  will  be  found  more  satis- 
factory and  quicker,  in  many  cases,  to  use  an  end  mill  of  the  proper 
design.    The  work  may  be  held  in  a  special  vise  or  in  an  ordinary  vise 
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Fiff .  84.    Swnple  of  Bridge  MUllnff  Outs. 

attached  to  the  vertical  face  of  an  angle  iron,  and  done  in  an  ordinary 
horizontal  milling  machine  as  indicated  in  Fig.  36.  The  best  results 
In  vertical  milling  are  obtained  by  using  a  vertical  spindle  mlllng 
machine,  especially  if  heavy  cuts  are  to  be  taken;  but  unless  there  is 
work  enough  to  keep  the  vertical  machine  busy,  it  is,  generally 
specking,  advisable  to  buy  a  horizontal  machine  with  a  vertical  attach- 
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ment,  since  it  is  possible  to  use  the  machine  either  way,  as  required. 
The  fixtures  for  holding  work  when  machining  by  this  method  will  not 
differ  materially  from  those  already  described.  There  are  several 
advantages  of  vertical  over  horizontal  milling  for  many  classes  of 
work;  one  very  important  one  is  that  the  surface  being  milled  is 
usually  more  plainly  in  sight  in  the  vertical  machine,  being  turned 


upward,  than  in  the  horizontal,  where  it  would  have  to  be  turned 
inward  to  the  spindle,  in  order  to  permit  the  milling  operation  to  be 
performed. 

Cams  or  Bccentrlos  for  Binding  Work  in  Fixtures. 

Cams  are  applied  to  vises  and  special  fixtures  in  a  variety  of  ways 
and  furnish  a  rapid  meant  of  binding  the  work  in  place.  At  times 
the  cam  is  very  simply  madie  on  the  end  of  a  piece  as  shown  in  Fig.  37. 
If  it  is  necessary  to  get  considerable  length  of  movement  to  the  slide  of 
the  fixture,  the  cam  may  be  made  on  a  piece  having  a  turned  projection 
on  its  lower  surface  which  fits  in  a  hole  in  the  base  of  the  fixture. 
When  it  has  been  turned  sufliciently  to  relieve  the  pressure  against 


Fig.  se.    Bnd  MQllnff  on  Horisontal  MlUlnff  Machine. 

the  slide,  the  cam  may  be  lifted  from  the  fixture  and  the  slide 
moved  as  much  as  is  necessary.  After  placing  another  piece  of  work 
in  the  fixture,  the  slide  may  be  moved  against  it,  the  projection  on  the 
cam  inserted  in  the  hole,  and  the  necessary  pressure  applied  by  turn- 
ing the  cam. 

Fig.  38  shows  a  cam  which  is  round  In  form  and  has  a  round  pro- 
jection which  enters  a  hole  in  the  fixture.  This  smaller  projection 
is  eccentric  with  the  larger,  in  which  a  hole  Is  drilled  and  a  lever 
inserted  as  shown.  This,  like  the  previous  form,  may  be  removable  if 
desired.  Cams  of  various  designs  may  be  employed  for  holding  work, 
the  particular  design  depending  on  the  piece  to  be  held. 
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Other  Binding  Devices. 

The  method  employed  for  holding  work  in  the  fixture  depends,  of 
course,  on  the  nature  of  the  work.  Unless  it  is  necessary  to  bind  the 
work  more  securely  than  would  be  possible  with  a  cam,  it  is  not 
advisable  to  use  a  screw,  on  account  of  the  length  of  time  wasted  in 
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Flff.  88.    BooeBtrlo  ft>r  BlndlBff  Work  In  Flztnros. 

turning  it  back  atfd  forth  sufliciently  to  secure  or  free  the  work.  At 
times  it  is  necessary  to  use  a  screw,  and  it  is  found  possible  to  save 
time  by  the  use  of  a  collar  of  the  description  shown  in  Fig.  39.  When 
the  nut  is  turned  back  part  of  a  turn,  the  slotted  collar  may.  be 
removed  and  the  work  taken  out,  sliding  it  right  over  the  nut  After 
putting  another  piece  in  the  fixture,  the  collar  is  placed  on  the  screw 
under  the  nut,  and  the  nut  tightened  to  give  the  desired  effect. 


rig.  80.    Blottod  OoUmt  tor 
Bole*alnff  Woric  Quickly. 


rig.  40.    B«moT»ble  Post 
or  Btud. 


Fig.  41  shows  a  method,  some  modification  of  which  may  be  employed 
to  hold  work  when  it  would  not  do  to  have  any  screw  heads  or  other 
devices  projecting  above  the  strap.    When  pressure  is  applied  by  means 
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of  the  screw,  the  portion  a  Is  forced  down  onto  the  piece  of  work. 
The  angle  piece  is  hinged  at  &,  as  shown.  At  times  it  is  possible  to 
substitute  &  cam  for  the  screw,  and  so  lessen  the  time  necessary  to 
operate  the  device.  When  forgings  or  castings  are  machined,  it  is 
sometimes  possible  to  take  advantage  of  the  beveled  portions  occa- 
sioned by  the  draft  necessary  to  get  the  forging  out  of  the  die,  or  the 
pattern  from  the  mold.  If  the  amount  of  bevel  ordinarily  given  is  not 
ample  to  insure  desired  results,  a  sufficient  amount  may  be  given  when 


the  die  for  the  forgings  or  the  pattern  is  made.    Fig.  42  shows  a  fixture 
holding  a  casting  by  means  of  considerably  beveled  edges. 

When  such  a  method  would  bind  the  work  sufficiently  strong,  it  is 
customary  many  times  to  use  a  screw  having  a  right-hand  thread  on 
one  end  and  a  left-hand  thread  on  the  opposite  end.    Two  applications 
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wig.  48.    Dllterantlal  Screw  Movement. 

of  this  principle  are' shown  in  Fig.  43;  at  A  the  screw  is  held  from 
moving  lengthwise  by  means  of  the  block  c,  and  the  Jaws  are  moved 
toward  or  away  froin  each  other  by  turning  the  screw.  The  jaw  at 
the  left,  a,  has  a  right-hand  thread,  while  the  right-hand  Jaw,  Z),  has 
a  left-hand  thread.  This  fixture  is  valuable  when  it  is  desirable  to 
mill  a  slot,  or  a  projection  in  the  center  of  pieces  which  vary  in  width, 
and  where  the  variation  is  Immaterial.  In  the  fixture  B  the  Jaw  a  Is 
tapped  with  a  left-hand  thread,  and  the  stationary  upright,  Z>,  with  a 
right-hand  thread.  These  threads  being  square  in  form  may  be  of 
coarse  pitch,  thus  causing  the  slide  to  move  rapidly. 

To  save  time,  it  is  customary  at  times  to  locate  the  binding  screw 
in  a  removable  post,  as  shown  in  Fig.  40.  When  removing  the  work 
from  the  fixture  the  screw  is  turned  sufficiently  to  relieve  the  pres- 
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sure,  and  the  post  lifted  out  of  the  hole,  after  which  the  woilc  is 
removed  from  the  fixture,  the  hearing  surfaces  cleaned,  another  piece 
put  in  place,  and  the  post  again  put  in  the  hole,  a  partial  turn  of  the 
screw  binding  it  securely.  In  many  Instances  if  a  screw  were  used 
in  a  stud  securely  fastened  to  the  fixture  it  might  be  necessary  to 
give  it  ten  or  a  dozen  turns  before  the  work  could  be  removed. 

Fig.  45  represents  a  device  used  for  holding  two  pieces  of  work  to 
be  machined  at  the  same  time.    Each  piece  rests  against  stationary  por- 


Flff.  44.    Holding  Work  from  Below  by  »  Oounterborod  Hole. 

tions  a  a  of  the  fixture,  and  is  held  in  place  by  the  swinging  pieces  h  h, 
which  are  hinged  at  the  center,  as  shown,  and  are  closed  onto  the  work 
by  means  of  the  pointed  screw  c  which  passes  through  the  stud  d. 
This  stud  can  turn  in  the  hole  in  the  fixture,  and  so  allow  the  point 
of  the  screw  to  swing  somewhat  to  conform  to  any  variation  in  the 
thickness  of  the  pieces  being  held.  When  pieces  have  holes  through 
them  it  is  possible  many  times  to  take  advantage  of  these  in  holding 
the  work.    Fig.  44  represents  a  piece  of  work  having  on  its  upper  por- 
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Fl|r>  46.    Holding  Two  Pieces  of  Work  at  a  time. 

tlon  a  counterbored  hole.  A  pin  with  a  head  a  trifle  smaller  than  the 
counterbored  portion  of  the  hole  extends  down  through  the  hole  and 
through  a  hole  in  the  fixture,  as  shown.  In  the  small  end  of  the  pin 
is  a  rectangular  hole.  Through  this  is  driven  a  wedge-shaped  key, 
which  draws  the  work  solidly  onto  the  seating  surface  of  the  fixture. 
There  are  occasions  when  an  ordinary  cam  would  be  objectionable 
and  a  screw  would  be  too  slow,  and  yet  a  combination  of  the  two 
works  nicely.     Fig.  46  represents  such  a  binding  device,  which  is  used 
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In  holding  a  blank  for  a  spring  bow  for  a  machinist's  caliper,  while 
the  ends  are  bent  in  a  punch  press.  When  the  screw  is  turned  down 
into  the  threaded  hole  in  the  base,  the  V-shaped  projection  under  the 
head  passes  up  the  incline  on  the  upper  portion  of  the  leaf,  forcing  it 
down  on  the  blank.  When  the  projection  of  the  screw  reaches  the  flat 
portion  at  the  top  of  the  incline,  the  leaf  has  forced  the  blank  down 
solidly  to  the  bending  fixture.  If  the  screw  is  turned  more,  it,  of 
course,  continues  to  descend  and  draws  the  leaf  down  still  more.  The 
advantage  of  this  comination  is  that  if  a  cam  does  not  pass  to  its 
highest  point  at  the  end  of  the  throw,  it  is  apt  to  Jar  loose  if  subjected 
to  vibration,  whereas  the  projection  under  the  screw  head  passing  up 
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FliT.  40.    Combined  Cam  i^d  8or«w  Clamp. 

the  incline  acts  as  a  cam,  when  it  rests  on  the  flat  portion,  and  con- 
tinues to  draw  the  leaf  down  as  the  screw  goes  into  the  tapped  hole. 
Although  a  fixture  used  on  a  punch  press  is  used  to  illustrate  the  idea, 
the  same  device  may,  of  course,  be  applied  to  fixtures  for  use  on 
milling  machines. 

The  previous  paragraphs  are  only  an  outline  of  the  fundamental 
principles,  illustrated  by  means  of  simple  fixtures  and  various  forms 
of  binding  devices.  The  application  must,  of  course,  be  left  to  the  in- 
dividual designer  who  should  always  bear  in  mind  that  simplicity  is 
always  preferable  to  elaboration,  provided  the  simple  device  insures 
the  desired  result. 
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EXAMPLES  OP  MILLING  FIXTURES. 

In  the  following  a  number  of  example^ of  milling  fixture  designs  for 
definite  purposes  are  given.  These  fixtures  are  selected  as  typical  of 
the  various  kinds  of  milling  fixtures  found  in  machine  shops.  No  at- 
tempt has  been  made  to  show  only  fixtures  of  the  most  approved 
designs,  but  examples  Indicating  general  practice  have  been  taken, 
and  attention  has  been  called  to  the  reasons  for  the  special  features  of 
each  design.    The  names  of  the  persons  who  originally  contributed  the 


Fiff.  47.    Vise  tor  Holding  Shafta  for  Keyway  llUllnff. 

descriptions  of  the  devices  shown,  to  the  columns  of  Machinery,  have 
been  given  in  notes  at  the  foot  of  the  pages,  together  with  the  month 
and  year  when  their  contribution  appeared. 

Vise  for  Holdlngr  Shafts  for  Keywsy  MiUinGr. 
One  of  the  simplest  designs  of  fixtures  for  the  milling  machine  pre- 
sents itself  in  the  form  of  a  special  vise  for  holding  short  shafts  and 
studs  while  milling  a  keyway.  Such  a  vise  is  shown  in  Fig.  47.  Sev- 
eral advantages  over  the  method  of  clamping  either  in  an  ordinary 
vise  or  directly  on  the  milling  machine  table,  are  apparent.  The 
clamping  bolts,  holding  the  device  to  the  table,  are  never  disturbed 
while  clamping  the  shafts,  and  if  the  fixture  once  has  been  set  in  align- 
ment, it  will  remain  so.  Every  shaft  is  clamped  exactly  alike,  the 
screw  forcing  the  shaft  into  the  Vs  bringing  every  one  into  exact 
parallelism,  provided,  of  course,  the  fixture  is  accurately  set  at  the 
start.  It  is  obvious  that  this  device  can  also  be  profitably  used  on  the 
drill  press  for  holding  shafts  and  other  cylindrical  work  for  drilling, 
and  with  an  adjustable  arm  added  for  holding  a  guide  bushing  for  the 
drill,  it   would  prove  efficient  as  a  simple  adjustable   drill  Jig. 
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Fixture  for  Holding  Tbln,  Flat  Work. 

It  frequently  occurs  that  thin,  flat  work  must  be  held  so  that  the 
whole  upper  surface  Is  free,  a  milling  cut  being  required  to  be  taken 
across  the  entire  piece  of  work.  This  prevents  the  use  of  any  clamp- 
ing devices  which  bear  down  upon  the  work  from  above,  and,  If  the 
work  is  very  thin,  it  does  not  permit  of  set-screws  entering  to  bear 
upon  it  from  the  sides,  as  the  diameter  of  the  screws  would  be  greater 
than  the  thickness  of  the  work,  and  consequently  project  above  the 
surface  of  the  latter.  The  design  of  fixtures  for  the  conditions  out- 
lined is  often  a  rather  difficult  matter.  A  simple  solution  of  the  clamp- 
ing problem  is  shown  in  Fig.  48.  This  cut  presents  merely  one  clamp, 
but  it  is  evident  that  two  or  more  clamps  of  the  same  kind  are 
required  for  a  complete  set.  The  clamp  is  bolted  to  the  table  H,  with 
the  T-bolt  O,  and  the  bottom  of  the  casting  A  is  planed  with  a  slot  for 
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Flff.48.    Fixture  for  MUllnff  Thin,  FlAt  Work. 
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the  key  B.  These  clamps  are  used  for  any  flat  work  which  is  placed 
down  on  the  seat  E;  the  set-screw  D  is  then  tightened,  thus  fori^ing 
the  steel  point  F  downward  and  into  the  work.  The  same  operation 
performed  upon  the  other  end  securely  clamps  the  work.  If  the  Work 
is  long,  and  so  thin  that  it  is  likely  to  spring  away  from  the  cutter 
if  not  supported  in  the  center,  this  device  should  be  modifled  so  that 
the  clamps  are  made  integral  parts  of  a  fixture  body  which  is  planed 
on  top  and  gives  a  support  to  the  work  for  its  full  length. 

MilllnfiT  Fixture  for  Bolt  Heads.  ' 

In  Fig.  49  is  shown  a  device  for  performing  a  special  milling  oper- 
ation, which,  however,  will  illustrate  some  principles  of  general  mill- 
ing fixture  design.  It  was  required  to  mill  the  sides  of  the  heads  of 
screws,  such  as  shown  at  the  upper  left-hand  corner  in  the  cut,  so  that 
they  would  assume  the  shape  shown  at  the  center  of  the  cut  at  the 
top.  The  fixture  shown  in  the  lower  part  of  the  cut  was  designed  for 
this  purpose.  It  consisted  of  the  body  A,  made  of  mild  steel.  It  was 
planed  all  over,  and  a  groove  was  cut  through  the  body  lengthwise, 
which  was  made  of  the  same  width  as  the  diameter  of  the  body  of  the 
screw.     A  hole  was  counterbored   in  the  center  to  a  depth  equal  to 
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the  thickness  of  the  head  after  being  milled.  Two  clamps  B  were 
made  of  tool  steel,  and  hardened  to  prevent  bending.  These  were 
machined  to  fit  the  groove,  thus  keeping  them  from  shifting  sideways 
and  always  in  line  with  the  body  of  the  screw  to  be  milled.  The  two 
binding  screws  C  were  also  made  of  tool  steel  and  hardened. 

Two  4-inch  side  or  straddle  mills,  held  apart  by  a  collar  of  a  width 
equal  to  the  diameter  of  the  screw,  were  used  to  mill  the  heads.  After 
placing  a  screw  in  the  fixture,  as  shown  in  the  cut,  the  fixture  was 
placed  in  a  vise  on  the  milling  machine,  the  straddle  mills  being 
set  to  the  damps  for  position  sidewlse,  and  Just  touching  the  body 
of  the  fixture  for  the  vertical  position.  With  this  fixture  it  was 
possible  to  mill  the  heads  with  only  one  cut,  and  it  was  found  quite 
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Fiff.4Q.    Fixture  for  MlUiBff  Bolt  Heads. 

satisfactory.  While,  however,  it  was  possible  to  mill  the  screws  in 
this  manner  so  that  the  result  was  satisfactory,  mechanically,  it  does 
not  say  that  this  fixture  was  satisfactory  economically.  If  there  .vere 
bi}^  a  few  screws  to  be  milled  as  Indicated,  then,  undoubtedly,  a  simple 
fixture  like  the  one  shown  was  preferable.  But  if  there  had  been  a 
great  quantity  of  screws  upon  which  this  operation  had  to  be  per- 
formed, then  a  fixture  milling  one  screw  at  a  time,  and  requiring  first 
the  tightening  of  the  two  screws  0,  and  then  the  tightening  of  the 
milling  machine  vise,  would  not  have  been  in  place.  In  such  a  case 
a  fixture  permitting  a  great  number  of  screws  to  be  clamped  simul- 
taneously, and  to  be  milled  all  at  one  time,  although  more  expensive 
to  make  at  first,  would  in  the  long  run  have  proved  cheaper.  A  fixture 
employing  this  principle  is  shown  in  Fig.  50. 

The  purpose  of  this  fixture  is  not  the  same  as  that  of  the  previous 
device  described,  but  the  principle  may  be  employed  for  almost  any 
kind  of  a  milling  fixture  for  small  work.    The  fixture  shown  in  Fig.  50 
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is  used  on  a  milling  machine  for  slotting  pieces  such  as  shown  .at  A, 
and  also  for  slotting  screw  heads.  The  vise  Jaws  O  and  H  are  made 
out  of  tool  steel,  and  are  left  soft;  they  are  placed  in  a  milling 
machine  vise,  and  the  piece  A  to  be  slotted  is  placed  between  the  two 
Jaws,  as  shown.  The  chamber  C  is  a  cylindrical  hole  into  which  are 
drilxed  holes  from  the  side  for  the  cylindrical  plungers  D.  The  cham- 
ber C  is  filled  with  tallow,  and,  as  the  pieces  A  are  clamped  in  between 
the  plungers  D  and  the  vise  Jaw  G,  the  tallow  provides  an  equalizing 
effect  until  all  the  parts  are  held  equally  firm.  This  means  permits 
pieces  of  a  slightly  uneven  length  to  be  held  securely.  The  plungers 
1)  must,  of  course,  be  a  very  good  sliding  fit  in  the  holes  running  down 
to  the  chamber  C.  The  pin  E  simply  serves  the  purpose  of  locating 
the  piece  A  by  entering  the  hole  in  its  center.  The  holes  F  are  tapped 
to  receive  screws  holding  the  Jaws  to  the  milling  machine  vise.  Pieces 
E  and  D  should  be  made  of  tool  steel  and  hardened.     When  screw 
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heads  are  slotted,  the  parts  K  and  L  are  used  instead  of  D  and  E, 
The  screws  are  then  held  in  the  semi-circular  grooves  If,  the  operation 
of  the  device  being  the  same  as  when  slotting  pieces  A.  The  screws 
I  in  the  ends  of  the  circular  chamber  0  simply  serve  the  purpose  of 
preventing  the  tallow  from  escaping  at  the  ends.^ 

Fixtures  for  Slotting  Screw  Heads. 

While  the  fixture  in  Fig.  50  is,  at  times,  used  for  Blotting  screw 
heads,  it  is  not  primarily  intended  for  this  purpose.  In  Fig.  61  is 
shown  a  fixture  which  is  designed  for  this  work  exclusively,  and  which, 
although  simple,  is  an  excellent  device  for  holding  screws  for  slotting 
the  heads.  It  has  the  great  advantage  of  holding  each  screw  with  the 
same  grip,  no  matter  if  the  diameters  are  not  uniform.  It  consists 
of  the  angle  plates  0  and  D,  both  having  tongues  underneath  to  fit  the 
slot  in  the  milling  machine  table,  and  in  D  afe  fitted  the  binding  screw 
M  and  the  guides  B,  which  latter  are  securely  fixed.  The  guides  carry 
the  V-blockB  A,  between  which  the  screws  are  clamped.  The  guides 
slide  freely  through  the  holes  in  the  angle  plate  0,  and  may  be  made 
whatever  length  desired  to  accommodate  the  number  of  V-blocks  and 
screws.  If  the  full  capacity  of  the  Jig  is  not  required,  say  only  four 
screws  are  to  be  slotted,  as  shown  in  the  cut,  the  angle  plate  0  is 
moved  toward  D,  so  that  the  binding  screw  E  shall  be  long  enough 

•  8.  01t?«r,  Beptemter,  1907. 
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to  clamp  the  screws.    In  fact,  the  arrangement  is  a  most  flexible  one, 
and  should  prove  a  very  satisfactory  fixture  for  any  shop. 

A  rather  interesting  and  suggestive  slotting  device,  the  principle  of 
which  can  be  applied  to  a  variety  of  work  where  it  is  necessary  to  slot 
many  pieces  with  rapidity,  is  shown  in  Fig.  52.  The  part  A  is  a  cast 
iron  block,  which  is  bolted  and  keyed  to  a  hand  miller,  and  B  is  a  post 
whiph  swivels  in  A.  At  0  is  shown  a  lever  with  its  fulcrum  on  the 
pin  p.  The  Jaw  E  is  hinged  to  the  lever  and  is  held  in  a  closed  posi- 
tion by  means  of  the  spiral  spring  on  the  round  head  screw  F,  the  ten- 
sion being  controlled  by  lock-nuts.    The  tool  steel  plate  G,  on  which  one 


end  of  the  piece  to  be  slotted  rests,  is  screwed  and  doweled  to  the  Jaw 
E.  The  spring  H  holds  the  end  of  the  lever  down  clear  of  the  cutter, 
when  it  is  not  in  operation. 

The  fixture  is  first  brought  clear  of  the  cutter  by  moving  the  machine 
table  back;  the  Jaws  are  then  swung  out  from  the  machine,  bringing 
the  Jaw  E  against  the  pin  J,  which  compresses  the  spring  on  F  and 
thuR  separates  the  Jaws,  so  that  the  piece  to  be  slotted  can  be  put  in 
between  the  six  locating  pins.  The  pressure  being  then  removed  from 
the  spring  allows  the  latter  to  bind  the  piece  securely  in  place.  The 
lever  is  then  swung  so  that  the  Jaw  E  comes  up  against  the  pin  J,  and 
the  lever  itself  rests  on  stop  K.  The  table  is  then  fed  forward,  bring- 
ing the  piece  against  the  bottom  of  the  cutter,  which  slots  it  to  the 
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desired  depth.  The  piece  is  released  by  a  reversal  of  these  operations. 
This  fixture  has  proved  satisfactory,  as  it  is  possible  when  the  machine 
is  ready  for  operation  to  turn  out  300  pieces  per  hour.  The  principle 
of  this  fixture  could  be  used  for  slotting  screws.* 

In  Fig.  53  is  shown  another  device  for  slotting  screws.  This  is  more 
elaborate,  and  permits  of  a  continuous  operation,  the  operator  placing 
the  screws  to  be  slotted  in  the  fixture  simultaneously  with  the  slotting 
of  the  screws  previously  put  in.  At  A  and  B  are  shown  two  rings  of 
machine  steel,  case-hardened,  with  holes  drilled  on  their  peripheries 
suitable  to  grasp  the  work  to  be  slotted.  The  number  of  holes  will 
vary  according  to  the  speed  at  whicli  the  fixture  is  run  and  the  work 
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being  slotted.  The  rings  are  held  and  located  on  the  holders  0  and  D 
by  screws  and  dowel  pins  not  shown  in  the  cut.  Holder  D  is  driven 
by  means  of  a  belt  from  the  countershaft  to  grooved  pulley  E  and 
through  spur  gears  F  and  G  and  worm  and  worm-wheel  H  and  J. 
Holder  D  is  made  in  one  piece  with  the  worm-wheel  shaft.  Holder  0 
is  in  turn  driven  by  holder  D  by  means  of  pins  K,  held  in  holder  D. 
Spring  L  takes  care  of  any  variation  which  may  exist  in  the  size  of 
the  pieces  being  slotted. 

To  locate  and  drill  the  holes,  which  retain  the  work,  in  rings  A  and 
B,  they  are  screwed  and  doweled  on  the  holders,  and  the  fixture  placed 
on  a  drill  press  in  such  a  manner  that  an  equal  section  of  the  hole 
will  be  drilled  in  each  ring.  The  rings  are  then  case-hardened.  For 
diiferent  pieces  of  work  it  is  merely  necessary  to  make  different 
rings  to  suit  the  conditions  of  the  piece.  The  bracket  M  is  adjustable 
forward  and  backward  to  allow  different  thicknesses  of  rings  to  be 


*  8.  A.  McDonald,  Noyember,  1907. 
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used.  The  hole  in  bracket  M  is  bored  at  an  angle  of  2  degrees/ and 
the  plate  A  is  also  faced  off  at  the  same  angle,  so  that  it  will  be 
parallel  to  ring  B  at  N.  By  boring  the  hole  at  an  angle,  it  will  be 
readily  seen  that  at  the  point  0  the  space  between  the  two  rings  is 
the  greatest,  and  at  point  N  the  least.  In  operating  the  fixture,  it  is 
placed  on  the  milling  machine  so  that  the  slotting  saw  will  pass 
directly  through  the  center  of  the  screw  head  to  be  slotted,  and  directly 
over  the  center  of  the  rings.  The  fixture  is  then  started,  and  the 
operator  only  inserts  the  work  in  the  holes.  As  will  be  seen,  the  piece 
is  .gripped  firmly  while  passing  under  the  saw,  and  automatically 
dropped  when  reaching  the  bottom.* 

Fixture  for  Splitting  Work  in  Two  Parts. 

Sometimes  a  simple  operation  like  splitting  a  piece  of  work  in  two 
will  be  found  to  present  difficulties  equal  to  those  encountered  in 
mu3h  more  complicated  operations.  One  such  a  case  was  met  with  in 
macJLiining  the  pieces  shown  in  Fig.  64,  which  were  to  be  split  in  two 
along  the  line  X-X,  Owing  to  the  peculiar  shape  of  theise  pieces  it 
was  impossible  to  clamp  them,  by  simple  means,  in  any  position  so  as 
to  mill  more  than  a  single  one  at  a  time,  and  as  a  large  quantity  were 
to  be  made  it  was  desirable  to  arrange  so  as  to  cut  a  number  at  a 
single  operation.  For  this  purpose  the  fixture  shown  in  Fig.  65  was 
constructed  and  with  this  ten  pieces  could  be  cut  at  a  single  setting. 

This  fixture  consisted  of  a  casting  A  which  was  provided  with  a 
tongue  for  aligning  it  upon  a  milling  machine  table,  and  a  slot  at 
either  end  for  receiving  a  clamping  bolt.  A  series  of  holes,  of  the  same 
size  as  that  in  the  work,  was  drilled  in  the  upper  part  of  the  fixture, 
and  to  insure  their  being  parallel  with  the  tongue,  the  drilling  was 
done  in  place  upon  the  milling  machine,  the  vertical  attachment 
being  used.  These  holes  were  fitted  with  the  studs  B,  which  were 
of  sufficient  length  to  extend  through  the  work  (7,  as  shown  in  the  sec- 
tion. On  the  bottom  of  each  stud  was  placed  a  split  washer  and  nut, 
the  latter  being  small  enough  to  pass  through  the  hole  in  the  Jig  and 
work.  These  studs  were  prevented  from  turning  when  the  nut  was 
tightened,  by  means  of  a  set-ficrew  D,  the  point  of  which  fitted  a  slot  in 
the  side  of  the  stud.  A  similar  slot  was  also  cut  in  the  side  of  the 
nut  so  that  it  could  pass  the  setscrew.  A  slot  JET,  the  width  of  the 
splitting  saw,  was  cut  through  the  top  of  each  stud,  and  the  set-screw  D 
insured  this  slot  being  always  in  proper  position  for  the  saw  to  pass 
through  when  splitting  the  work. 

Before  the  pieces  were  placed  in  the  jig,  they  were  bored  and  faced 
on  the  top,  bottom  and  on  the  straight  sides,  so  that  the  splitting 
formed  the  last  operation.  Ten  of  the  pieces  were  placed  on  the  fix- 
ture, the  bolts  B  put  through  and  the  washers  put  in  place.  Before 
tightening  the  nuts  a  straightedge  was  placed  along  the  front  side  of 
the  pieces  so  as  to  set  them  all  squarely,  after  which  the  nuts  were 
tightened  and  the  saw  passed  through  the  group  in  the  usual  manner.** 

•  Fred  B.  GarstauMn,  September.  1907. 

•  •  Charles  P.  Thlel,  August,  1908. 
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Slottingr  Fixture  for  Special  Chuck. 

The  piece  shown  in  the  upper  right-hand  corner  of  Fig.  56  is  a  latch 
chuck,  made  of  cold  rolled  steel,  and  used  on  a  special  machine  for 
holding  the  ends  of  rods.  The  body  and  the  center  holes  on  both  ends 
are  turned  in  the  lathe  and  the  other  holes  are  drilled  in  a  special  jig. 

The  fixture  shown  in  Fig.  56  was  designed  for  holding  the  chuck  while 
milling  the  longitudinal  slot  to  receive  the  latch,  which  was  required 
to  be  exactly  central  with  the  axis  of  the  piece.  While  not  of  un- 
usual design,  it  possesses  some  advantages  that  make  it  especially 
useful  when  it  is  necessary  to  perform  milling  operations  of  this 
nature.  It  is  so  nmde  as  to  be  free  from  any  outside  incumbrances, 
and  the  parts  where  wear  is  likely  to  become  appreciable  are  hard- 
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ened.  The  principle  applied  to  the  clamping  mechanism  is  that  of  a 
gradual  wedging  action,  thereby  holding  the  work  securely,  and  at  the 
same  time  permitting  the  quick  removal  of  one  piece  and  the  insertion 
of  another  by  simply  turning  the  knurled  knob  to  the  right  or  left  as 
may  be  desired.  As  will  be  seen,  the  clamping  mechanism  is  entirely 
enclosed,  thus  avoiding  dust  and  dirt,  and  lessening  the  liability  to 
accident  from  any  external  cause.  While  the  illustration  shows  only 
one  way  in  which  this  device  may  be  employed,  a  wider  field  of  appli- 
cation will  without  doubt  suggest  itself,  as  it  is  suitable  for  holding  all 
kinds  of  milling  jobs,  especially  where  the  work  is  polished  and  would 
be  marred  by  clamping  in  a  vise  in  the  ordinary  manner. 

The  fixture  is  made  of  liberal  proportions,  to  insure  rigidity,  and  is 
tongued  and  slotted  for  clamping  bolts.    Through  the  center  of  the 
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body  of  the  fixture  is  drilled  a  hole  carrying  the  tightening  clamp  B, 
the  larger  diameter  of  which  fits  snugly  in  the  hole  while  the  neck  is 
turned  down  and  threaded  to  fit  the  clamping  knob  C.  To  prevent 
the  piece  from  turning,  when  the  knob  is  turned,  a  groove  is  cut  the 
entire  length  of  the  larger  diameter,  and  into  this  fits  the  point  of  the 
setscrew  D.  The  upper  face  of  B  is  milled  flat  on  a  taper  of  one  inch 
per  foot  and  this  part  of  the  piece  is  made  very  hard.  When  clamping 
the  work,  the  shoulder  of  the  knob  brings  up  against  the  body  of  the 
jig  at  E;  on  reversing,  the  two  screws  F,  with  their  points  seated 
in  a  rounded  groove  in  the  knob,  prevent  it  from  being  withdrawn. 

The  semi-circular  faced  plug  O  stands  vertically  in  the  position 
shown,  one  end  resting  on  the  inclined  face  of  B  and  the  other  bored 
out  to  conform -to  the  diameter  of  the  work.  A  spline  is  cut  on  one 
side  to  receive  the  point  of  the  screw  H  which,  while  permitting  a  free 
movement  up  and  down,  checks  any  tendency  for  the  piece  to  rotate. 
This  plug  fits  the  hole  so  freely  that  when  it  is  released  it  falls  away 
from  the  work  by  gravity.  When  the  parts  of  the  fixture  are  assembled 
the  chamber  in  which  the  slide  B  is  located  is  filled  with  vaseline  and 
•  the  plug  /  driven  in,  thereby  completely  enclosing  the  mechanism  and 
preventing  the  ingress  of  grit  or  the  escape  of  the  lubricant. 

The  milling  of  the  slot  In  the^work  is  performed  with  an  ordinary 
metal  saw  of  the  required  width;  setting  it  central  is  simplified  and 
facilitated  by  the  set  gage  J,  which  Is  of  tool  steel,  hardened  and  fast- 
ened in  place  with  screws  and  dowel  pins.  The  depth  to  be  cut  is 
measured  by  the  graduated  dial  on  the  milling  machine.  In  this  case 
it  is  0.510  inch,  and  this  is  stamped  upon  the  fixture  for  convenience 
of  future  reference.  To  operate  the  fixture,  the  pin  K  is  withdrawn 
a  sufficient  amount  to  clear  the  hole  L,  and  the  nose  of  the  chuck  to  be 
milled  is  inserted  against  the  stop  pin.  The  chuck  Is  rotated  by  hand, 
at  the  same  time  pressing  upon  the  head  of  the  pin  K,  until  the  pin 
slips  into  the  fulcrum  pin  hole  for  the  latch,  K\  that  has  been  previ- 
ously drilled  in  the  work.  A  turn  of  the  knob  C  then  clamps  it  tightly 
for  the  milling  operation.* 

Fixture  for  Plain  Milling. 

While  plain  milling  operations  seem  very  simple  to  the  casual  ob- 
server, it  is  often  a  perplexing  problem  to  so  arrange  and  systematize 
these  operations,  when  several  surfaces  are  to  be  finished  on  the  same 
piece  of  work,  that  the  required  accuracy  is  combined  with  a  reasonable 
degree  of  speed  of  carrying  out  the  work.  In  Fig.  57  is  shown  a 
fixture  of  very  simple  design  for  milling  pieces  in  duplicate,  where 
several  faces  are  surfaced.  This  fixture  reduces  the  setting  of  the 
machine  and  handling  of  the  work  to  a  minimum. 

Let  A  represent  a  piece  to  be  surfaced  on  spots  shown  on  the  sides 
and  ends,  these  surfaces  to  bear  definite  relations  to  one  another.  It 
is  quite  possible  to  put  spotting  pieces  on  top  or  bottom  and  finish 
these  first,  fasten  the  work  to  the  table  and  finish  one  side,  and  then, 
by  parallels  and  squaring  plates,  finish  the  other  surfaces  from  the 


•  C.  H.  Rowe,  October,  1903. 
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first.  But  this  means  a  good  Inany  measurements,  bolts,  straps  and 
settings  of  the  machine,  the  mass  of  which  may  be  avoided  by  the 
fixture  shown.  It  consists  of  a  casting  B  to  which  the  work  is  fast- 
ened in  any  convenient  way  after  being  located  by  the  spots  e  e%  s  s 
and  8'  s\  which  are  finished  to  the  dimensions  of  the  finished  work, 
and  serve  to  show  the  necessary  position  of  the  work  in  order  to 
clean.  The  fixture  has  on  its  lower  side  a  key  slot  k  corresponding 
to  the  slot  in  the  machine  platen  and  spaced  equally  between  the  oppo- 
site spots  8  8  and  s'  «'  on  the  side. 

In  setting  up  the  machine,  the  fixture  is  located  by  the  key,  and  the 
cross-feed  screw  is  used  to  bring  the  spots  8  8  or  s'  s'  to  the  line  of  cut 
of  a  face  mill  on  the  spindle  nose.    As  the  slot  k  is  located  centrally 
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between  the  sides  to  be  milled,  the  same  setting  of  the  machine  an- 
swers for  both  sides,  it  being  necessary  only  to  turn  the  fixture  around. 
The  ends  are  placed  in  position  in  the  same  way,  and  without  altering 
the  setting  of  the  machine,  for  the  slots  m  m'  near  the  ends  of  the 
fixture  are  the  same  distance  from  surfaces  e  e'  as  is  slot  k  from  sur- 
faces 8  8  and  «'  8'.  Therefore,  the  operator  has  simply  to  see  that  the 
key  enters  the  slot  properly. 

Ears  may  be  provided  for  receiving  the  bolts  which,  when  loosened, 
may  simply  be  moved  to  suit  the  new  position  of  the  fixture  as  it  is 
swung  around.  In  practice  one  side  may  be  milled  first  and  then  one 
end,  the  other  side,  and  the  other  end;  one  rotation  completing  the 
piece.  On  many  kinds  of  work  the  key  and  slots  would  not  be  accu- 
rate enough,  in  which  case  a  base  plate  upon  which  the  fixture  might 
be  located  by  dowels  could  be  brought  into  service.  The  principle, 
however,  would  remain  the  same. 
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Fixture  for  Hollow  MUlingr. 
Hollow  milling  operations  should  more  strictly  be  considered  as 
drilling  operations.  The  fixtures  used  for  hollow  milling  usually  re- 
semble drill  jigs  more  than  regular  milling  fixtures.  The  work  is 
often  carried  out  on  a  dtill  press,  rather  than  in  a  milling  machine. 
Being,  however,  by  its  name  classified  as  a  milling  operation,  a  fixture 
used  for  hollow  milling  has  been  selected  in  order  to  make  the  pres- 
ent collection  of  typical  milling  fixtures  complete.  This  fixture  is 
shown  in  Fig.  59,  and  the  work  on  which  it  is  used  is  shown  in  Fig.  58. 
The  surfaces  i>,  E,  F,  and  G,  of  the  arm  shown  in  Fig.  58  have  been 
finished  as  a  first  operation,  but  on  the  other  end  of  the  arm  is  a  boss 
on  which  the  surfaces  A  and  B,  and  the  hole  0  must  be  finished  true 
in  relation  to  D,  E,  F,  and  G,  and  at  a  certain  distance  from  them. 
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Flff.  08.    Work  to  l>e  BoUow  Mflled. 

This  last  operation  on  these  arms  had  always  been  done  on  the  face- 
plate of  an  engine  lathe,  but  a  lathe  of  large  swing,  and  therefore  of 
heavy  construction,  was  necessary,  and  as  the  diameter  of  the  boss 
had  to  come  within  a  limit  of  0.001  inch,  the  lathe  was  inconvenient 
and  the  time  unsatisfactory.  To  obviate  the  necessity  of  swinging  the 
piece  in  the  lathe,  a  suitable  "built-up"  hollow  mill,  and  the  fixture 
shown  in  three  views,  Fig.  59,  were  designed.  With  these  appliances, 
the  work  was  done  in  the  drill-press  with  a  reduction  of  50  per  cent 
in  time  over  the  old  method.  Moreover,  not  as  highly  skilled  labor 
was  required  to  do  the  work. 

The  fixture  for  holding  the  arm  consists  of  a  body>G  which  carries 
the  hardened  bushing  H  for  guiding  the  mill.  At  the  opposite  end 
and  on  the  under  side  a  boss  is  turned  to  fit  the  surfaces  E  and  F  on 
the  arm.    This  boss  is  for  locating  the  arm  in  the  proper  position,  the 
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arm  being  clamped  by  means  of  the  bolt  /,  the  split  strap  /  and  the 
nut  K,  The  bolt  I  is  prevented  from  turning  by  the  headless  screw  h. 
The  set-screw  and  check-nut  0  are  used  for  locating  the  end  of  the  arm 
sideways.  The  hook-bolt  L  and  knurled  nut  M  are  used  to  resist  the 
pressure  of  the  mill  when  cutting.* 

AdJiiBtable  Milling  FlxtiireB. 
Often,  when  a  number  of  different  sizes  of  some  work,  shaped  and 
finished  in  the  same  or  similar  ways,  are  to  be  milled,  it  is  possible  to 
make  milling  fixtures,  which  with  slight  modifications  and  adjust- 
ments may  serve  for  all  the  various  sizes  of  the  work,  saving  the  ex- 
pense of  a  great  number  of  different  fixtures.  Such  fixtures  may  be 
termed  adjustable  milling  fixtures.  They  can  often  be  made  in  a 
very  simple  manner. 


mg.  09.    Fl3ctnr«  tar  HoUow  MlUlnff  Work  shown  in  11«.  68. 

The  casting  shown  in  Fig.  60  strapped  to  the  table  of  a  milling  ma- 
chine is  one  of  a  large  variety  of  housings  of  widely  vanring  shapes 
and  sizes,  which  are  used  in  the  construction  of  a  certain  automatic 
machine.  These  housings  resemble  each  other  in  that  they  are  pro- 
vided with  a  V-groove  at  the  bottom,  where  they  are  clamped  to  the 
bed  of  the  machine,  and  also  in  the  fact  that  they  are  made  with  var^ 
ious  pads  and  bosses,  similar  on  both  sides,  which  have  to  be  milled 
off  to  a  uniform  thickness  of  1^  inch.  The  cross-sectioning  in  the 
plan  view  distinguishes  the  finished  areas.  The  large  number  of  pat- 
terns used  would  have  made  the  Job  of  providing  a  separate  fixture  for 
each  style  of  casting  a  very  costly  proceeding.  Therefore  the  follow- 
ing sectional  fixture  was  made,  and  has  proved  to  work  well  on  all 
the  different  pieces  on  which  it  has  been  tried. 


•  CtaarlM  Thlel,  January,  1906. 
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Fig.  61  shows  the  different  parts  of  the  fixture  in  detail:  A  is  a 
block  with  a  setscrew  and  spur,  similar  to  that  used  on  a  planer;  B 
is  an  abutment  provided  with  a  steel  block  to  enter  and  hold  down 
the  V-groove  edge  of  the  casting;  C  is  a  simple  stop  to  take  the  thrust 
of  the  cut;  i>  is  a  wedge  used  under  springy  places  in  the  casting;  and 
E  Ib  a,  spring-jack  used  where  convenient  for  a  similar  purpose.  In 
Fig.  60  a  typical  casting  is  shown  on  the  milling  machine  platen  with 
the  various  holding  pieces  arranged  about  it.  The  two  blocks  B  are 
placed  at  the  outside  edge  of  the  table,  and  the  work  is  supported  on 
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Flff.  et.    D«taUs  of  A^nstable  Flztore  sbown  with  Work  in  Fl«r-  eo. 

these  and  the  spur  block  A,  thus  giving  a  three-point  bearing  for  a 
foundation.  The  spur  holds  it  down  on  one  side,  and  the  steel  blocks 
in  the  V-groove  hold  it  down  on  the  other.  Blocks  O  with  their  set- 
screws  are  arranged  as  shown  to  take  up  the  end  thrust  in  each  di- 
rection, and  wedges  D  are  slipped  lightly  Into  contact  with  outlying 
corners  of  the  work  where  support  is  needed.  Spring-jacks  E  are  also 
located  where  the  work  is  most  liable  to  spring  under  the  influence 
of  the  mill.  These  jacks  are  fastened  permanently  in  place,  the  set- 
screws  loosened,  then  the  work  is  pressed  down  into  place  and  fas- 
tened with  the  spur  block  A.  The  set-screw,  which  bears  against  the 
teat  of  the  spring  plug,  is  then  clamped,  and  the  casting  is  thus  sup- 
ported without  the  possibility  of  the  casting  being  sprung  as  it  would 
be  if  fastened  down  onto  a  solid  bearing  which  might  or  might  not  be 
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of  the  right  height.     The  set-screw  may  be  placed  In  either  side,  as 
conyenient,  ais  shown  in  detail  of  spring  jack  in  Fig.  61. 

A  6-inch  end-mill  is  used  in  the  vertical  milling  attachment  to 
make  the  surfacing  cut.  This  does  its  work  more  rapidly  and  with 
less  pressure  than  a  cylindrical  cutter  would.  Care  is  taken  to  feed 
in  such  a  direction  that  the  thrust  of  the  cut  will  be  toward  the  V- 
blocks  B  or  the  stops  O,  although  when  once  by  mistake  the  cutter 
was  run  toward  the  spur  A,  this  seemingly  insecure  fastening  device 
held  the  work  well.  These  housings  are  allowed  a  limit  of  0.002  inch 
over  or  under  the  standard  thickness  of  1^  inch.* 

Qang  Millinflr  Fixtures. 
In  the  manufacturing  of  small  interchangeable  castings  for  machine 
parts,  gang  milling  fixtures  play  a  very  important  part.     When  the 
parts  are  machined  to  extremely  accurate  dimensions,  and  are  pro- 
duced under  the  modern  piece-work  system,  the  object  sought  is  to 
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Flff.  92.    Oastlnff  MlUed  la  Ftactare  shown  in  Flffs  68  to  ee. 

handle  as  many  castings  at  a  time  as  possible.  In  fixtures  sO  designed  as 
to  insure  the  complete  interchangeability  of  the  product.  To  illus- 
trate the  value  of  gang  milling  fixtures  for  manufacturing  accurately 
machined  duplicate  parts,  and  also  how  a  number  of  such  parts  may 
be  handled  and  machined  expeditiously  at  the  minimum  of  cost,  a 
gang  milling  fixture  which  is  in  use  in  an  establishment  requiring 
over  100,000  of  the  castings  machined  in  this  fixture  per  year,  has  been 
described  in  the  following. 

In  Fig.  02  we  have  three  views  of  the  casting  machined  in  the  fix- 
ture. The  work  performed  is  the  milling  of  the  two  channels  indicated 
by  D.  Previous  to  this  operation  the  casting  is  machined  on  the  back 
B  and  also  on  the  sides  and  ends  A  and  E  to  limit  gage  measurements. 
Subsequent  to  the  operation,  the  four  holes  are  drilled  in  the  project- 
ing lugs  C7,  the  insides  of  the  channels  being  utilized  as  banking  or 
abutment  surfaces  for  the  locating  of  the  castings  in  the  drilling  jig. 
Figs.  63  and  64  are  two  views  of  the  fixture  complete,  Fig.  63  being  the 
plan  view,  which  shows  the  appearance  of  the  fixture  without  the 
work  in  it,  and  Fig.  64  a  vertical  cross-sectional  view.  Fig.  65  is  a 
longitudinal  sectional  view  of  the  fixture,  and  also  of  the  gang  of 
ten  cutters  used  in  conjunction  with  it.     Y  represents  the  cutters;  X 

•  Ralph  E.  Flanders.  October,  1904. 
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represents  the  washers  or  collars;  and  W  represents  the  milling  ma- 
chine spindle.  Fig.  66  is  an  end  view  illustrating  the  fixture  with  the 
work  in  position  and  presented  to  the  cutters  for  milling. 

The  fixture  handles  five  castings  at  a  time.  The  body  casting  has 
projections  or  wings  F,  at  two  sides,  and  has  two  locating  tongues  at 
U,  for  fastening  and  locating  it  on  the  table.  The  body  casting  has 
five  inclined  channels  milled  in  its  face  to  accommodate  the  five  hard- 
ened tool  steel  work  locators  M,  The  five  parts  N  are  also  of  tool 
steel,  hardened  and  tempered,  and  fastened  to  the  wall  surfaces  be- 
tween the  inclined  channels  by  means  of  three  fiat-headed  screws  each. 


nYri 


Fiff.  OB.    Lonffltadloal  8«otloii  of  Fixture,  Fiff.  08.  and  Qmng  of  Chitters. 

These  pieces  serve  as  banking  pieces  or  surfaces  for  the  work  to 
clamp  up  against.  Five  eccentric  levers  L  force  the  work  locators  up 
the  inclined  ways,  thus  clamping  the  work  in  position  against  the 
plates  N,  These  levers  are  fastened  in  milled  slots  by  means  of  the 
drill-rod  shaft  /.  The  eccentric  portions  of  the  levers  are  indicated 
clearly  at  H  in  Figs.  64  and  66.  J  is  a  stop  bracket  fastened  to  the 
back  of  the  fixture  or  body  casting  by  means  of  ^several  round  head 
screws.  The  portions  at  K  are  stops  against  which  the  ends  of  the 
castings  to  be  machined,  abut.  The  construction  for  forcing  the  work 
holders  back  in  the  Inclined  channels  upon  the  releasing  of  the  eccen- 
tric clamping  levers  L,  thus  allowing  of  the  removal  of  the  work,  is 
shown  in  the  vertical  sectional  view.  Fig.  64.  It  consists  of  a  stiff 
spiral  spring  Q,  located  in  the  drilled  hole  P,  a  pin  0  for  engaging  this 
spring,  and  the  headless  set-screw  R.  One  end  of  the  spiral  spring  rests 
against  the  screw  R,  and  the  other  against  the  pin  O.    The  tension  is 
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kept  sufficiently  stiff  to  cause  the  work-holders  to  release  the  work  im- 
mediately upon  the  lever  L  being  pulled  upward;  each  of  the  five 
work  holders  is  equipped  with  such  an  avranpfeznent 

When  in  use,  the  fixture  is  clamped  to  the  table  of  a  large  univer- 
sal miller,  and  this  is  then  adjusted  until  the  work  receivers  or  holders 
are  in  the  relative  positions  to  the  cutters  illustrated  in  Figs.  65  and 
€6.  The  castings  are  located  in  the  holders;  the  eccentric  levers  are 
pushed  downward,  as  shown  in  Fig.   66;  and   the  castings  are   thus 


rig.  oe.    Bnd  view  of  Fixture,  Flff .  es,  with  Work  In  Position. 

clamped  in  position.  The  feed  is  then  thrown  in  and  the  table  and 
fixture  travel  forward  until  the  channels  D  are  milled.  The  table  is 
then  fed  backward  and  the  machined  work  removed.* 

Fixtures  for  Milling  a  Journal  Cap  and  Base  Plate. 

Simplicity  in  jig  and  fixture  design  is  one  of  the  most  important 
fundamental  principles.  It  is  not  necessary  that  a  fixture  be  elab- 
orate to  be  efficient.  On  the  contrary,  it  is  often  the  case  that  the 
simpler  fixture  is  by  far  the  one  to  prefer,  as  it  has  less  parts  to  re- 
pair, and,  when  repairs  are  needed,  they  can  be  carried  out  with  less 
trouble.  The  following  description  of  tools  used  in  the  milling  ma- 
chine for  finishing  a  journal  cap  and  base  casting,  gives  a  few  instruc- 
tive examples  of  simplicity  in  fixture  design  coupled  with  efficiency. 

Taking  the  cap  first,  we  may  hold  it  in  the  manner  indicated  in  Fig. 
67.  If  we  are  manufacturing  a  large  number  of  these  pieces  it  will 
pay  to  make  special  fixtures  for  arranging  them  so  that  the  extreme 
length  of  the  table  feed  or  travel  may  be  used.       We  may  arrange  to 


•  Joseph  V.  Wood  worth,  Jal}%  1005. 
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lake  one  or  more  rows  of  the  castings  side  by  side,  depending  on  the 
size  of  the  miller.  The  cap  will  be  seen  to  be  resting  on  pins  where 
the  bosses  for  the  cap  bolts  come,  this  making  a  convenient  and 
reliable  foundation.  The  cap  is  held  sideways  by  the  set-screws  on 
either  side  and  is  held  down  on  the  pins  by  the  clamp  shown  in  the 
sectional  view.  The  cut  explains  itself,  so  that  but  few  words  are 
necessary  in  connection  therewith.  In  the  holding  of  work  on  the 
milling  machine  table  or  in  supplementary  fixtures  it  seems  to  have 
become  the  idea  that  it  is  necessary  to  bolt  it  down  with  all  the  force 
that  it  is  possible  to  use  without  stripping  the  thread  on  the  bolts. 
So  much  strain  is  not  necessary,  serving  as  it  does  only  to  distort  the 
table,  making  it  run  hard  and  eventually  producing  a  permanent  set 
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Fiff.  07.    Simple  Fixture  for  Milling  Cap  tor  Be»rlnff. 

which  gives  the  working  surface  an  untrue  face.  This  straining  of 
the  binder  bolts  also  wedges  the  T-slots  out  of  shape,  peening  the 
metal  above  the  T  so  as  to  project  above  the  rest  of  the  surface.  An 
examination  of  the  machine  in  operation  will  show  that  in  90  per  cent 
of  the  work  done  the  force  or  pressure  of  the  cut  is  symmetrical  and 
has  but  little  effect  on  the  work,  all  the  holding  required  being  merely 
that  necessary  to  keep  it  from  sliding  either  along  in  front  of  the 
cutter  or  sideways.  This  is  accomplished  by  hunters  and  toe  clamps. 
Of  course  it  is  necessary  that  the  work  be  held  down  on  the  table, 
but  very  little  power  is  necessary  in  doing  so.  If  the  cap  is  made 
with  the  matched  fit  shown  at  A  instead  of  with  straight  fit,  the  ad- 
vantage of  milling  over  planing  such  classes  of  work  is  very  apparent, 
as  gang  cutt^s  will  then  finish  the  work  at  one  setting,  w-hile  the 
planer  will  require  at  least  two  settings.  But  the  real  gain  would  be 
in  obtaining  interchangeable  work  which  can  be  obtained  on  the 
planer  only  at  the  expense  of  considerable  time- and  trouble,  but  which 
is  a  matter  of  course  on  the  miller. 


Digitized  by 


Google 


46 


MILLING  FIXTURES 


In  performing  the  corresponding  operation  on  the  base  casting  we 
have  the  advantage  of  the  broad  base  and  the  projecting  surfaces  for 
clamping  which  make  it  an  easy  matter  to  set  and  hold  the  work.  The 
same  that  has  been  said  regarding  the  operations  on  the  cap  may  be 
applied  to  the  base.    Fig.  68  shows  how  this  piece  would  be  held.    The 


Flff.  68.   Holdlnff  the  Base  of  Bearlag  whUe  MUltnff  Beat  fbr  Cap. 

clamps  hold  down  the  piece,  while  the  piece  is  blocked  up  against  a 
liner  to  insure  a  setting  parallel  with  the  travel  of  the  table.  The  row 
is  kept  from  shifting  endwise  by  using  the  hunters  mentioned  above. 
In  machining  the  foot  of  the  base  piece  we  are  confronted  by  a  Job 


TABLE 

JVocAtMry.  A'.  Y. 

Fiff.  eo.    simple  Holding  Device  used  when  Blab  ICUlinff  the  Lower  Barfkce  of  the  Base. 

that  presents  a  kind  of  milling  operation  which  has  many  little  points 
of  interest  The  problem  of  milling  comparatively  broad  surfaces  is 
presented.  It  is  an  acknowledged  fact  that  the  milling  of  such  surfiicea 
must  be  accomplished  by  cutters  that  are  so.  constructed  that  the  chip 
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is  broken  up  Into  short  cuts,  giving  the  operation  the  advantage  of  the 
single  pointed  tool  in  the  question  of  power  required,  and  truth  of 
surface  obtained.  This  is  accomplished  by  notching  the  teeth  of  the 
cutter  so  that  they  may  be  presented  to  the  work  successively,  both 
notches  and  teeth  being  cut  spiral  at  right  angles  with  each  other. 
A  surface  produced  by  such  a  cutter  will  bear  the  strictest  examinations 
as  to  truth. 

Fig.  69  shows  one  method  of  machining  the  bottom  surface.  In 
this  method  we  use  a  plain  milling  cutter  as  shown,  taking  one  or  two 
cuts  as  the  case  may  require.  If  very  little  stock  has  to  be  removed 
but  one  cut  ought  to  be  sufficient,  as  the  resulting  surface  will  be  good 
enough  for  the  intended  purpose.     As  will  be  seen  the  piece  is  held 


FI9. 70.    Alternative  Method  of  Holdloff  the  Base  when  MlUlng  the  Lower  Surftice. 

down  and  prevented  from  moving  sicteways  by  the  screws  which  are 
tapped  through  the  strips  bolted  to  the  table.  This  makes  a  convenient 
method  and  one  that  will  be  found  to  answer  the  purpose  very  well. 
Another  method  of  performing  the  operation  is  by  the  use  of  an  end 
mill  as  shown  in  Fig.  70.  This  means  of  removing  the  metal  is  very 
efficient,  as  a  very  true  surface  can  be  obtained  with  a  much  faster 
feed  and  deeper  cut  than  can  be  done  by  slab  milling.  The  power 
necessary  to  revolve  the  cutter  and  force  the  feed  is  also  very  much 
less  than  that  used  for  slab  milling.  While  the  surface  may  be  badly 
marked  it  will  yet  be  almost  absolutely  true.  When  the  work  is  set 
up  on  the  edge  as  shown,  no  trouble  is  encountered  with  the  chips  as  is 
otherwise  the  case.  We  are  fortunate  in  finding  this  piece  to  be  a  very 
easy  one  to  provide  Jigs  for,  as  it  permits  itself  to  be  set  in  almost 
any  position.     The  method  used  in  Fig.  70  is  a  good  one,  and  will  be 
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found  very  convenient  The  top  clamp  is  removed  when  the  work  has 
to  be  removed  dr  placed  in  position.  This  clamp  serves  the  double 
purpose  of  holding  the  work  and  of  setting  It  in  line,  the  screw  being 
used  to  make  any  allowance  for  variations  In  the  castings.  When  this 
method  is  chosen  the  machining  of  the  bottom  should  be  done  before 
the  cap  bearing  Is  milled,  as  this  gives  a  good  solid  setting  for  the 
latter  operation.  A  great  many  operations  may  be  accomplished  by 
this  latter  method  which  are  now  milled  with  plain  cutters.  The 
action  of  the  cutter  in  this  operation  closely  resembles  that  of  the 
single  pointed  tool  and  has  all  the  advantages  that  are  claimed  for 
this  tool,  but  very  few  of  the  disadvantages,  it  being  a  multiple  cutter, 
which  means  greater  output. 

The  last  four  cuts  shown  leave  considerable  to  the  imagination,  as 
they  show  but  an  end  view  of  the  work.  This  is  done  because  the 
same  method  ma^'  be  used  to  advantage  in  holding  one  or  a  dozen 
pieces.  EHaboration  on  the  above  does  not  seem  necessary,  since  the 
principle  is  shown.*       

*  John  Edgar,  November,  1006. 
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No.  16.  Machine  Tool  Drives. — Contains  chapters  on  the  Speeds  and 
Feeds  of  Machine  Tools;  Machine  Tool  Drives;  Single  Pulley  Drives;  and 
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No.  18.  Arithmetic  for  the  Machinist. — Among  the  various  subjects 
treated  are  the  following:  The  Figuring  of  Change  Gears;  Indexing  Movements 
for  the  Milling  Machine;  Diameters  of  Forming  Tools;  and  the  Turning  of 
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No.  19.  Use  of  Formlxas  in  Mechanics. — This  pamphlet  is  adapted  for  the 
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FIRST  PRINCIPLES  OF  MB0HANIC8. 

Mechanics  is  that  branch  of  science  which  treats  of  the  action  of 
force,  and  of  its  effects.  A  farce  is  commonly  defined  as  any  cause 
tending  to  produce  or  modify  motion.  Its  action  is  always  equivalent 
to  a  push  or  pull,  such  as  is  exerted  when  we  use  our  muscles,  and 
until  we  have  made  some  progress  in  the  study  of  the  subject,  it  will 
be  simpler  to  consider  force  in  this  sense,  simply,  without  regard  to 
its  effects.  For  the  present,  therefore,  a  force  may  be  defined  as  any 
cause  producing  a  push  or  a  pull.  There  are  many  familiar  examples 
of  force,  as  muscular  effort,  gravity,  the  expansive  force  of  steam,  the 
elasticity  of  a  spring,  the  attraction  of  a  magnet,  etc. 

The  unit  by  which  force  is  usually  measured  is  the  standard  pound, 
avoirdupois;  that  is,  the  common  pound.  A  force  of  100  pounds  is  one 
capable  of  sustaining  a  weight  of  100  pounds.  It  will  appear  here- 
after that  the  weight  of  the  pound  varies  with  the  locality,  so  that 
this  unit  is  not  an  absolute  one.  The  variation  is  so  slight,  however, 
that  it  is  of  no  consequence,  except  in  very  accurate  physical  investi- 
gations. 

Ifstter. 

The  material  of  which  anything  is  composed  is  called  matter.  The 
term  is  a  collective  one,  and  is  used  when  no  particular  substance  is 
referred  to.  Lead,  iron,  water,  air,  or  any  other  substance  is  spoken 
of  in  a  general  way  as  "matter." 

Matter  exists  in  three  states:  the  solid,  the  liquid,  and  the  gaseous. 
A  solid,  of  which  wood  and  iron  are  examples,  is  characterized  by  a 
tendency  to  resist  any  attempt  to  change  either  its  shape  or  size.  A 
liQuid  readily  changes  its  shape,  but  its  volume  or  size  remains  con- 
stant under  the  same  temperature  conditions.  A  pint  of  water  will 
fill  a  pint  vessel  of  any  shape,  but  it  cannot  be  forced  into  a  vessel 
holding  less  than  a  pint.*  A  gas  has  neither  definite  shape  nor  definite 
volume.  It  will  accommodate  itself  in  any  shape,  like  a  liquid,  can 
be  compressed  easily,  and .  wiir  also  expand  into  a  larger  space.  Air, 
oxygen,  nitrogen  and  hydrogen  are  examples  of  gases. 

Since  force  can  act  upon  all  three  forms  of  matter,  the  subject  of 
mechanics  is  divided  into  the  mechanics  of  solids,  the  mechanics  of 
liquids  or  hydraulics,  and  the  mechanics  of  gases,  or  pneumatics.  For 
the  present,  only  the  mechanics  of  solids  will  be  considered. 

A  body  is  a  definite  portion  of  matter,  as  a  pound  of  lead,  an  iron 
bar,  a  quart  of  water,  or  a  cubic  foot  of  air.  It  is  believed  that  all 
bodies  are  made  up  of  extremely  small  portions  of  matter,  called  mole- 

*  Liquids  are  very  slightly  compressible.  Water  will  diminish  about  0.00005 
in  Yolume  under  a  pressure  of  15  pounds  per  square  inch. 
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cules,  which  are  separated  from  one  another  by  distances  that  are 
great  compared  with  their  size.  These  molecules  are  so  minute  that 
it  is  impossible  to  detect  them,  even  with  the  most  powerful  micro- 
scope; but  there  are  many  facts  determined  by  experiment,  that  make 
their  existence  seem  very  probable.  If  the  speculations  of  scientists 
are  correct,  at  least  500,000  molecules  could  be  placed  In  a  row  between  - 
the  measuring  surfaces  of  a  micrometer  caliper,  when  it  is  set  to  read 
0.001  inch.  A  molecule  is  the  smallest  portion  of  matter  that  can 
exist  and  still  retain  the  properties  of  the  substance  of  which  it  is  a 
part. 

It  is  believed,  further,  that  every  molecule  contains  two  or  more 
indivisible  portions  of  matter,  called  atoms.  Thus  a  molecule  of  water 
is  composed  of  two  atoms  of  hydrogen  gas  and  one  atom  of  oxygen 
gas.  A  molecule  can  be  separated  into  its  atoms  by  chemical  action 
only,  and  then  the  separation  is  only  momentary,  for  the  atoms  at 
once  combine  to  form  other  molecules,' usually  of  a  different  nature. 
The  atom  Is  purely  a  chemical  unit;  we  are  not  concerned  with  it  in 
mechanics. 

Molecular  Forces. 

Two  opposing  forces  reside  In  the  molecules — ^an  attractive  force 
that  binds  the  molecules  together,  and  a  repellent  force,  that  tends  to 
push  them  apart.  The  three  states  of  matter,  solid,  liquid,  and  gaseous, 
depend  upon  the  relation  of  these  forces.  If  the  attractive  force  pre- 
dominates, the  body  is  solid;  if  the  repellent,  it  is  gaseous;  if  the  two 
are  nearly  balanced,  it  is  liquid. 

The  repellent  force  is  probably  one  manifestation  of  the  phenomenon 
which  we  call  heat.  Thus,  when  a  bar  of  steel  is  heated,  the  attractive 
force  is  gradually  overcome  by  the  repellent  force,  as  is  seen  in  the 
expansion  and  Anally  in  the  melting  of  the  bar.  So,  also,  if  we  heat  a 
piece  of  ice,  the  ice  is  turned  to  water,  and  at  last,  when  the  repellent 
force  becomes  very  strong,  the  water  is  turned  into  steam. 

The  attractive  force  is  capable  of  acting  -not  only  between  molecules 
of  the  same  kind  and  in  the  same  body,  but  between  the  surfaces  of 
different  bodies  which  are  in  contact,  as  well.  In  the  former  case  it 
is  called  cohesion,  and,  in  the  latter,  adhesion.  It  is  cohesion  that 
resists  any  attempt  to  pull  apart  a  body,  like  a  string  or  a  wire,  and 
adhesion  that  holds  together  bodies  that  stick  to  one  another,  as  in 
the  case  of  two  pieces  of  wood,  when  united  by  glue,  or  of  drops  of 
rain  on  a  window-pane,  pencil  or  ink  marks  on  a  piece  of  paper,  etc. 
The  effect  of  adhesion  is  usually  more  noticeable  between  solids  and 
liquids  than  elsewhere.  Neither  force  will  act,  except  at  insensible 
distances.  To  Join  two  pieces  of  iron,  for  example,  welding  must  be 
resorted  to,  in  which  process  the  hammering  brings  the  molecules  in 
the  two  parts  near  enough  together  for  the  cohesive  force  to  take 
effect  Adiiesion  and  cohesion  are  of  the  same  nature,  the  difference 
between  them  being  one  of  name  or  definition  rather  than  of  kind. 
Two  absolutely  smooth  surfaces,  if  such  were  possible,  would  adhere 
to  one  another  perfectly,  since  their  contact  would  be  perfect,  and  it 
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might  then  as  properly  be  said  that  the  adjoining  particles  were  held 
together  by  cohesion  as  by  adhesion. 

Work  and  Power. 

The  terms  force,  work  and  power  are  of  frequent  occurrence  in  me- 
chanices,  and  are  oftentimes  misused.  As  a  definition  of  force  has  Just 
been  given,  it  will  be  advantageous  to  now  take  up  the  subjects  of 
work  and  power,  so  that  the  meanings  of  the  three  may  be  compared 
and  thus  firmly  impressed  upon  the  memory. 

Work. 

Work  is  said  to  be  performed  when  a  force  produces  motion  in  oppo- 
sition to  a  resistance.  Force  has  one  element  only,  namely,  the  push 
or  pull  exerted.  Work  is  the  result  of  the  two  elements,  force  and 
motion.  When  no  motion  results  from  the  action  of  a  force,  no  work 
is  done.  A  Jack-screw  supporting  a  weight  does  no  work,  except  when 
the  screw  is  turned  so  as  to  raise  the  weight.  Likewise,  no  mechani- 
cal work  results  when  a  man  pushes  against  a  heavy  body  which  he  is 
unable  to  move,  however  much  it  may  seem  like  work  to  him  in  the 
common  acceptance  of  the  term.  Should  he  push  with  equal  force 
against  a  smaller  body,  however,  and  move  it,  work  would  be  per- 
formed. 

Measurement  of  Work. 

(a)  In  order  to  calculate  the  work  done,  the  magnitude  of  the 
force  applied  is  measured  in  pounds  and  the  distance  moved  in  feet. 
The  product  of  these  quantities,  obtained  by  multiplying  them  together, 
is  the  work  in  foot-pounds.    Or,  briefly  stated, 

Work  =  force  X  distance.  ( 1 ) 

The  foot-pound  is  called  the  unit  of  work,  and  may  be  defined  as  the 
work  done  by  a  force  of  one  pound  acting  through  a  distance  of  one 
foot. 

(&)  In  the  estimation  of  work  it  is  sometimes  more  convenient  to 
multiply  the  resistance  overcome  by  the  distance,  than  to  multiply  the 
force  applied  by  the  distance,  in  which  case 

Work  =  resistance  X  distance.  (2) 

It  is  clear  that  the  resistance  and  the  force  applied  must  always  be 
equal,  so  that  it  makes  no  numerical  difFerence  which  method  is  used. 
For  example,  if  a  man  raises  a  weight  of  10  pounds  through  a  certain 
height,  he  performs  work.  The  resistance  of  the  weight  is  equal  to  10 
pounds,  and  the  force  that  he  exerts  is  just  sufficient  to  raise  it,  or 
equal  to  10  pounds,  also. 

(c)  The  simplest  example  of  work  is  that  Just  cited,  of  a  weight 
raised  against  the  force  of  gravity.  When  solving  such  examples,  care 
must  be  taken  always  to  multiply  the  weight  by  the  vertical  height 
through  which  it  moves.  Thus,  in  Fig.  1,  suppose  the  ball  B  to  be 
rolled  from  the  bottom  to  the  top  of  the  inclined  plane.  If  W  represent 
the  weight  of  the  ball  and  h  the  height  that  it  is  raised,  the  work  done 
upon  the  ball  would  be  W  X  ^.  It  Is  true  that  the  ball  has  moved 
through  the  distance  I,  but  the  force  required  to  roll  the  ball  through 
this  distance,  and  which  acts  in  the  direction  of  the  arrow,  is  less 
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than  the  weight  W,  and  hence,  if  W  were  multiplied  by  Z,  the  result 
would  be  too  great.  If  it  were  known,  however,  what  force,  acting  in 
the  direction  of  the  arrow,  was  required  to  roll  the  ball,  then  this  force, 
multiplied  by  I,  would  give  the  work. 

Power. 

From  what  has  been  said  upon  work,  it  is  plain  that  a  force,  how- 
ever small,  can  perform  any  required  amount  of  work,  provided  time 
enough  be  allowed.  A  toy  engine,  for  example,  might  do  1,000,000 
foot-pounds  of  work  in  a  few  hours,  while  an  engine  of  moderate  pro- 
portions would  accomplish  as  much  during  a  few  strokes  of  the  piston. 
Foot-pounds  of  work,  merely,  with  time  left  out  of  account,  would 
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form  no  basis  by  which  the  capacities  of  the  two  engines  could  be  com- 
pared. .Hence,  to  compare  the  work  done,  either  by  or  upon  some 
agent,  the  time  required  must  be  considered. 

The  term  power  is  employed  to  indicate  the  quantity  of  work  done 
in  a  given  time.  "One  million  foot-pounds"  is  an  expression  indicating 
work;  1,000,000  foot-pounds  of  work  performed  in  a  day,  or  an  hour 
or  minute  indicates  power.  Work  has  the  two  elements,  force  and 
the  distance  through  which  the  force  acts;  power  has  three  elements: 
force,  distance  and  time. 

The  unit  of  power  adopted  for  engineering  work  is  the  horse-itower 
(abbreviated  H.  P.).  One  horse-power  is  equal  to  33,000  foot-pounds 
per  minute,  or  it  may  be  said  to  equal  33,000  pounds  raised  one  foot 
high  in  a  minute.*  Hence,  to  find  the  horse-power  when  work  Is  done, 
divide  the  number  of  foot-pounds  of  work  done  in  one  minute  by  33,000. 

Lest  it  lead  to  confusion  when  met  with,  it  should  here  be  stated 


•  The  horse-power  unit  was  Introduced  by  James  Watt,  the  great  improver 
of  the  steam  enfrlne.  for  the  purpose  of  designating  the  power  developed  by  his 
engines.  He  had  ascertained  by  experiments  that  an  average  cart  horse  could 
dovelop  22.000  foot-pounds  of  work  per  minute,  and  being  anxious  to  give  good 
\alue  to  the  purchasors  of  his  onplnes  he  added  .'>0  per  cent  to  this  amount, 
thus  obtaining  (22.000  +  11.000)  the  33.000  foot-pounds  per  minute  unit  by 
which  the  power  of  steam  and  other  engines  has  ever  since  been  estimated. — 
Jamieson*8  Applied  Mechanics. 
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that  the  term  power  is  frequently  used  by  writers  on  mechanics  in  the 
sense  of  force.  In  the  so-called  "mechanical  powers,"  such  as  the 
lever,  wheel  and  axle,  wedge,  screw,  etc.,  it  is  quite  usual  to  speak  of 
the  applied  force  as  the  power.  Thus,  the  bar  or  lever  shown  in  Fig.  2 
is  pivoted  at  0  and  at  the  end  bears  the  weight  W.  At  the  other  end 
a  force,  such  as  the  pressure  of  the  hand,  acts  downward  in  the  direc- 
tion of  the  arrow,  and  thus  supports  or  raises  the  weight  W.  This 
pressure,  which  is  the  applied  force,  is  what  is  called  the  power.  Such 
use  of  the  word,  when  force  is  what  is  meant,  is  ambiguous  and  can 
easily  be  avoided. 

Priction. 

Friction  is  the  surface  resistance  which  opposes  the  motion  of  one 
body  upon  another.  It  must  be  regarded  as  a  force,  although  it  is  not 
always  natural  to  think  of  it  as  such,  for  the  reason,  perhaps,  that  its 
action  in  resisting  motion  is  of  a  negative  character.     The  force  of 


^^  Machinery,y.T. 

Flff.  2. 

friction  always  acts  in  a  direction  parallel  to  the  surfaces  in  contact. 
Thus,  in  Fig.  3,  in  pulling  the  block  B  along  the  surface,  as  shown,  the 
frlctlonal  resistance  is  exerted  in  an  opposite  direction  and  parallel 
to  the  surfaces,  as  indicated  by  the  arrow -P. 

Friction  should  not  be  confounded  with  adhesion,  which  not  only 
resists  the  motion  of  one  body  upon  another,  but  tends  to  hold  the  two 
together  so  that  they  cannot  be  separated.  Adhesion  is  independent 
of  the  pressure  between  the  bodies,  while  friction  increases  with  the 
pressr.re.  Moreover,  the  smoother  the  rubbing  surfaces  the  less  the 
friction;  two  perfectly  smooth  surfaces,  if  such  were  possible,  would  be 
frictionless,  while,  as  has  been  previously  stated,  an  adhesion  between 
them  would  be  very  great.  Lubricants  increase  the  adhesion  and 
diminish  the  friction.  When  the  pressure  between  two  bodies  is  small, 
the  adhesion  forms  a  considerable  part  of  the  resistance,  and  as  the 
pressure  increases,  it  becomes  proportionately  less,  since  adhesion  does 
not  increase  with  the  pressure.  At  ordinary  pressures  the  effect  of 
adhesion  can  generally  be  neglected,  and  the  whole  resistance  consid- 
ered as  the  friction. 

Kinds  of  Friction. 

(a)  A  distinction  is  usually  made  between  friction  of  rest  and  fric- 
tion of  motion,  the  former  being  the  frictional  resistance  to  be  over- 
come in  starting  a  body  into  motion,  and  the  latter  the  resistance  that 
continually  accompanies  the  motion.  Friction  of  rest  is  generally 
greater  than  friction  of  motion,  other  conditions  being  equal. 

(6)  When  friction  is  mentioned,  sliding  friction  is  understood,  i.e., 
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such  as  that  between  an  engine  crosshead  and  its  guides,  or  between 
a  journal  and  its  bearing.  It  is  due  to  the  roughness  of  the  surfaces 
in  contact.  Whenever  wheels  are  employed,  or  rollers  or  balls  placed 
between  the  surfaces,  the  resistance  is  called  rolling  friction,  the 
nature  of  which  is  somewhat  different;  it  is  then  due  to  the  fact  that 
the  rolling  body  makes  a  greater  or  less  depression  in  the  surface  of 
the  other^  so  that  it  has  continually  to  rise  out  of  a  hollow,  as  it  were, 
(c)  Prictional  resistance  also  occurs  between  the  molecules  of 
liquids  and  gases,  or  between  them  and  any  solid  body  with  which 
they  may  be  in  contact,  as  in  the  case  of  air  when  blown  through  a 
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pipe,  or  a  ship  when  sailing.  This  kind  of  resistance  is  called  fluid 
frictUm.  Its  action  is  very  different  from  that  of  the  friction  of  solid 
bodies,  and  it  is  different  in  its  nature. 

Ijaws  of  Friction. 

Certain  conclusions  have  been  drawn  from  early  experiments  upon 
friction,  which  are  known  as  the  laws  of  friction.  They  are  only 
approximately  true,  however,  and  apply  only  within  certain  limits. 
Outside  of  those  limits  they  have  been  proved  by  later  experiments  to 
vary,  in  some  cases  very  widely.    They  are: 

(1)  Friction  is  proportional  to  the  normal  pressure  between  the 
surfaces. 

(2)  It  is  independent  of  the  areas,  or  sizes,  of  the  rubbing  surfaces. 

(3)  It  is  independent  of  the  velocity  of  motion,  though  friction  of 
rest  is  greater  than  friction  of  motion. 

In  law  1,  by  "normal  pressure"  is  meant  the  pressure  in  a  direction 
at  right  angles  to  the  surface.  If  an  object  rests  upon  a  horizontal 
plane,  like  the  top  of  a  table,  the  normal  pressure  is  equal  to  Its 
weight.  If  it  rests  upon  an  inclined  plane,  as  in  Fig.  4,  the  normal 
pressure  (at  right  angles  to  the  inclined  plane)  is  found  by  dividing 
the  horizontal  distance  0  by  the  length  I  of  the  plane,  and  multiplying 
the  result  by  the  weight  W  of  the  object,  or 

D 
Pressure  =  —  X  W  (3) 

I 
Law  1,  therefore,  means  that  for  any  increase  or  diminution  of  the 
perpendicular  pressure,  the  friction  varies  in  the  same  ratio;  thus,  if 
the  pressure  is  doubled  or  tripled,  the  friction  becomes  twice  or  three 
times  as  great.  Law  3  varies  most  widely  at  high  velocities,  which, 
tend  to  diminish  the  friction.     In  order  that  these  laws  shall  hold,  the 
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velocity  of  motion  of  the  sliding  pieces  must  .be  comparatively  slow, 
the  surfaces  nmst  have  little  or  no  lubrication,  and  the  normal  pres> 
sure  must  be  great  enough  so  that  the  effect  of  adhesion  will  be  inap- 
preciable, but  not  so  great  as  to  cause  the  surfaces  to  "seize." 

It  is  nbt  intended  to  treat  of  fluid  friction  here,  but  it  will  be  con- 
venient to  have  the  laws  for  comparison  with  those  just  given.  The 
three  most  important  laws  are  as  follows: 

(1)  Fluid  friction  Is  independent  of  the  pressure. 

(2)  It  is  proportional  to  the  area  of  the  rubbing  surfaces. 

(3)  It  is  proportional  to  the  square  of  the  velocity  at  moderate  and 
high  speeds,  and  to  the  velocity,  nearly,  at  low  speed. 

The  friction  of  lubricated  surfaces  departs  widely  from  any  set  of 
laws.  Where  the  lubricant  is  very  freely  supplied,  the  friction  depends 
upon  the  nature  of  thje  lubricant  more  than  upon  the  material  of  the 
surfaces.  As  the  surfaces  become  dry,  the  friction  becomes  like  that 
of  solid  bodies;  and  when  they  are  flooded  with  oil,  it  is  more  nearly 
like  fluid  friction.  The  friction  of  lubricated  bearings,  therefore,  has 
become  a  subject  of  entirely  independent  investigations,  and  cannot  be 
treated  in  a  generar  way  like  the  dry  friction  n)f  solid  bodies. 

Coeffloient  of  Friction. 

If  it  should  require  a  force  of  10  pounds  to  pull  a  wooden  block 
weighing  20  pounds  along  the  surface  of  a  board,  the  frictional  resist- 
ance would  be  %'  or  0.5  of  fhe  normal  pressure.  Again,  if  a  weight  of 
40  pounds  were  added  to  the  block,  making  a  total  weight  of  60 
pounds,  we  know  from  law  1  that  the  resistance  would  be  three  times 
as  great,  or  30  pounds,  which  is  still  0.5  of  the  pressure;  and  so,  for 
any  weight  within  the  limit  of  law  1  the  ratio  of  the  friction  to  the 
pressure  would  remain  this  constant  number  0.5.  Knowing  this,  if  it 
were  desired  to  obtain  the  friction  for  any  given  weight  of  block,  it 
would  only  be  necessary  to  multiply  the  weight  by  0.5,  and  if  we  had 
different  numbers  for  different  materials  and  various  conditions,  it 
would  be  very  easy  to  calculate  the  friction  for  any  particular  case. 

Any  constant  number  like  that  above,  which  depends  for  its  value 
upon  the  substance  or  conditions  in  question,   is  called  a  coefUcient, 
and  in  the  present  case  the  coefjlcient  of  friction,  which  may  be  defined 
as  that  fraction  of  the  normal  pressure  which  is  required  to  overcome 
the  friction  between  two  surfaces.    It  is  found  hy  dividing  the  force 
of  friction  by  the  normal  pressure.    Or  expressed  as  a  formula. 
Letting  f  =  the  coefficient  of  friction, 
F  =  the  force  of  friction, 
and  P  ==  the  normal  pressure, 
F 
f  =  —  (4) 

P 

The  following  coefficients  of  friction  may  be  taken  as  average 
values  where  more  complete  tables  are  not  at  hand.  Under  varying 
conditions  a  wide  variation  from  these  values  may  be  found,  and  where 
coefficients  are  to  be  used,  they  should  be  obtained,  if  possible,  from 
experiments  suited  to  the  particular  case. 
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Wood  on  wood,  dry 0.4     to  0.6 

Metals  on  metals,  dry 0.15  to  0.2 

Metals  on  metals,   lubricated '    0.03  to  0.08 

Metals  on  wood,  dry 0.5    to  0.6 

Leather  on  metals,  dry 0.3 

If  a  body  is  placed  on  a  plane  surface,  and  the  latter  inclined  until 
the  body  Is  just  at  the  point  of  sliding  down,  the  angle  made  by  the 
plane  with  the  horizontal  at  that  instant  is  called  the  angle  of  friction, 
or  the  angle  of  repose.  It  can  be  shown  that  when  the  plane  is  at  this 
point,  its  height  divided  by  the  base  {h-^rh  in  Fig.  4)  is  equal  to  the 
coefficient  of  friction.  This  fact  affords  one  means  of  finding  the  co- 
efficient of  friction  of  materials  by  experiment.  Written  as  a  formula, 
we  have,  f  being  the  coefficient  of  friction, 

n 

f  =  —  (5) 

Gravity. 

The  attractive  force  that  exists  between  the  earth  and  all  bodies  at 
or  near  its  surface  is  called  gravity.  Weight  is  due  to  gravity.  A 
body  has  weight  because  it  is  pulled  downward  by  the  force  of  gravity, 
and  the  amount  that  it  weighs  is  a  measure  of  this  pull.  A  piece  of 
iron,  for  example,  weighs  one  pound  when  It  is  of  such  a  size  and 
density  that  it  is  drawn  to  the  earth  by  a  force  equal  to  that  which 
attracts  a  standard  pound  weight. 

As  has  been  previously  mentioned,  the  weight  of  a  body  (that  is, 
the  force  by  which  it  is  attracted  to  the  earth),  varies  slightly  with 
the  locality. 

(a)  Weight  varies  with  the  altitude.  A  body  weighs  the  most  at 
the  surface  of  the  earth,  as  the  attraction  is  there  the  strongest.  Below 
the  surface  its  weight  decreases  in  the  same  ratio  that  its  distance 
from  the  center  of  the  earth  decreases.  Thus,  calling  the  radius  of 
the  earth  4,000  miles,  the  relative  weight  of  a  body  at  the  surface  and 
at  one  mile  below  the  surface  would  be  as  4,000  :  3,999;  or  at  the 
latter  point  its  weight  would  have  diminished  1/4,000  part.  Ahove  the 
surface,  the  weight  decreases  in  the  same  ratio  that  the  square  of  the 
distance  from  the  center  increases.  That  is  to  say,  if  a  body  be  car- 
ried from  the  surface  to  the  top  of  a  mountain  one  mile  high,  the 
relative  weights  in  the  two  positions  would  be  as  4,001*  :  4,000",  or 
as  16,008,001  :  16,000.000.  Its  weight  would  therefore  diminish  about 
8.000  parts  in  16,000,000,  or  1/2,000  part. 

(&)  Weight  varies  with  the  latitude,  or  distance  north  and  south 
of  the  equator.  In  passing  from  the  equator  to  either  pole,  the  attrac- 
tion of  gravity  increases  by  1/568  of  its  original  amount.  This  is  due 
to  the  want  of  sphericity  of  the  earth,  the  polar  diameter  being  26 
miles  shorter  than  the  diameter  at  the  equator.  At  the  poles,  however, 
a  body  would  actually  weigh  more  than  this,  or  about  1/193  more  than 
at  the  equator.  The  difference,  1/289,  is  due  to  the  rotation  of  the 
earth  on  its  axis,  the  effect  of  which  is  to  produce  a  force  directly 
opposite  to  that  of  gravity,    (centrifugal  force),  which  is  greatest  at 
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the  equator  and  diminishes  in  moving  from  it,  until  at  the  poles  it 

becomes  nothing. 

How  Gravity  Acts.   . 

Under  the  influence  of  gravity,  all 'bodies  tend  to  move  in  a  direction 
toward  the  earth's  center,  or  to  "fall,"  as  we  say,  our  idea  of  "down" 
being  always  in  a  direction  towards  this  point.  Gravity,  therefore, 
acts  in  the  direction  of  lines  converging  or  meeting  at  the  center  of 
the  earth,  a  point  so  far  distant,  compared  with  the  dimensions  of  any 
bodies  that  are  likely  to  be  considered,  that  these  lines  of  action  are 
always  assumed  to  be  parallel.  The  question  naturally  arises,  at  what 
point  in  a  body  does  gravity  act?  The  answer  is,  at  every  point.  All 
bodies  are  composed  of  particles,  each  of  which  has  weight,  and  conse- 
quently is  attracted  by  gravity.  A  body,  therefore,  is  really  drawn 
downward  by  a  large  number  of  forces  of  gravity — as  many  as  there 
are  molecules  in  the  body. 

It  Is  always  assumed,  however,  that  gravity  acts  as  a  single  force 
at  a  point  called  the  center  of  gravity.  In  Fig.  5  let  the  dots  p,  j>,  etc., 
represent  particles  of  the  body  B,  under  the  influence  of  forces  of 
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gravity,  acting  in  parallel  lines  as  shown  by  the  direction  of  the  arrows. 
Now,  into  whatever  position  this  body  be  placed,  there  is  always  one 
invariable  point  through  which  the  resultant  of  the  attracting  forces 
always  passes.  This  point  is  called  the  center  of  gravity.  It  is  a  point, 
as  eg,  in  Fig.  5,  at  which,  if  a  single  force  of  gravity  were  to  act,  in 
place  of  all  the  other  forces,  and  equal  in  intensity  to  their  sum,  the 
efFect  upon  the  body  would  be  the  same  as  before.  Again,  since  the 
intensity  of  the  gravity  force  at  each  particle  may  be  taken  to  repre- 
sent its  weight  and  the  sum  of  these  forces  the  weight  of  the  body,  we 
may  consider  the  center  of  gravity  as  a  point  at  which  the  weight  of 

a  body  is  concentrated. 

Center  of  Gravity. 

We   have  in  the  previous   paragraph   given  an  explanation   of  the 
meaning  of  the  term  center  of  gravity.    We  will  now  consider  some  of 
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the  principles  involved  in  finding  this  point,  together  with  a  few  of 
their  applications.  A  body  suspended  at  its  center  of  gravity  will 
balance  in  whatever  position  it  may  be  placed.  For  this  reason,  the 
center  of  gravity  is  sometimes  cbeflned  as  that  point  about  which  a 
body  will  balance,  in  any  position.  Any  homogeneous  body  will  bal- 
ance about  its  center  of  magnitude;  that  is,  about  its  central  point. 
Hence,  in  the  case  of  regular  geometrical  figures,  the  center  of  gravity 
is  readily  determined,  as  the  center  of  magnitude  can  usually  be  found 
by  geometrical  construction. 

Center  of  Oravity  of  Qeometrioal  Figures. 

The  center  of  gravity  of  a  line  is  at  its  middle  point;  of  a  circle, 
at  its  center;  of  a  rectangle,  at  the  intersection  of  two  lines  joining 
the  opposite  comers;  of  a  sphere  or  ball,  at  its  center;  of  a  prism  and 
cylinder,  at  the  middle  point  of  a  line  joining  the  centers  of  gravity 
of  the  two  ends.  To  illustrate  the  last  two  cases,  the  center  of  grav- 
ity of  a  bar  of  any  homogeneous  material,  four  feet  long,  two  inches 


wide  and  one  inch  thick,  lies  at  a  point  two  feet  from  one  end,  one 
inch  from  the  edge  and  one-half  inch  from  one  side;  and  of  a  round 
bar  of  the  same  length,  at  a  point  on  its  axis  two  feet  from  one  end. 

The  center  of  gravity  of  a  triangle  lies  at  the  intersection  of  two 
lines  drawn  from  the  vertices  (points)  of  any  two  angles  to  the  middle 
of  the  opposite  sides  (Fig.  6).  This  point  may  also  be  found  by  draw- 
ing one  of  the  lines,  as  A  By  and  laying  ofT  two-thirds  of  its  length 
from  the  vertex.  Thus,  the  center  of  gravity  G  in  the  figure  Is  at  a 
distance  A  Q  from  A,  equal  to  two-thirds  of  the  length  of  the  line  A  B, 
and  the  same  proportion  holds  with  the  lines  drawn  from  the  other 
two  vertices. 

The  center  of  gravity  of  a  parallelogram  is  at  the  intersection  of  its 
diagonals,  as  A  B  and  C  D  in  Fig.  7.  A  parallelogram  is  a  figure  hav- 
ing four  sides,  the  opposite  ones  being  equal  and  parallel. 

The  center  of  gravity  of  a  cone  or  of  a  pyramid  is  on  a  line  drawn 
from  the  vertex  to  the  center  of  gravity  of  the  base,  and  at  a  distance 
from  the  vertex  equal  to  three-fourths  of  the  length  of  the  line. 

A  help  in  finding  the  center  of  gravity  of  a  plane  figure  is  the  fact 
that,  if  it  has  an  axis  of  symmetry,  the  center  of  gravity  will  lie  at 
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some  point  upon  this  axis,  and  if  4t  has  tVo  such  axes,  the  center 
of  gravity  will  lie  at  their  point  of  intersection. 

A  plane  figure  is  here  understood  to  be  a  flat,  material  body,  that  is 
very  thin  compared  with  its  extent  or  area,  such  as  figures  cut  out 
of  paper  or  sheet  metal.  Strictly  speaking,  a  plane  figure  has  extent, 
but  no  thickness. 

An  axis  of  symmetry  is  a  line  so  drawn  across  a  figure  that  it 
divides  the  latter  into  two  parts,  one  of  which  would  exactly  coin- 
side  with  the  other,  if  the  figure  were  folded  over  along  this  line. 
Thus,  if  the  regular  pentagon  in  Fig.  8^  were  folded  about  the  line  A  O, 
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the  parts  ABD  and  AFE  would  exactly  coincide;  and  if '  it  were 
folded  about  BN,  parts  BAF  and  BDE  would  coincide.  Henoe,  AO 
and  B  N  are  axes  of  symmetry,  and  the  center  of  gravity  of  the  figure 
lies  at  their  intersection,  or  at  G^. 

Center  of  Qravlty  of  Two  or  More  Bodies. 
In  Fig.  9-  let  the  point  G  be  the  position  of  the  center  of  gravity 
of  the  two  bodies  w  and  W.  It  must  be  so  situated  that  they  will 
balance  about  it,  if  rigidly  connected.  The  turning  effect  exerted  by 
each  body  about  the  point  G  is  as  though  the  weight  of  each  were  con- 
centrated at  its  own  center  of  gravity,  and  acted  downward  at  that 
point,  as  indicated  by  the  arrows.  Moreover,  as  will  appear  when  the 
subjects  of  moments  and  levers  have  been  studied,  if  w  and  W  are  to 
balance,  the  ratio  of  the  distances  jy  and  D  must  be  such  that,  calling 
w  and  W  the  weights  of  the  two  bodies,  the  proportion  w:  D==W  :  D' 
will  exist    Thus,  if  to  =  50  pounds,  W,  250  pounds,  and  D',  25  inches. 

25X50 

then  50  :  D  =  250  :  25,  and  D  = —  =  6  inches. 

260 
The  center  of  gravity  lies  upon  a  line  connecting  the  center  of  grav 
ity  of  each  weight,  and  its  distance  IT  from  the  smaller  weight  ii 
expressed  by  the  formula 

Wx 

W  +  to 
where  x  =  the  distance  between  the  centers  of  gravity  of  the  weights 
W=:the  weight  of  the  larger  body, 
and  «7  =  the  weight  of  the  smaller  body. 
Stated  as  a  rule,  to  find  the  distance  D\  multiply  the  larger  weight 
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by  the  distance  between  the  centers  of  gravity  of  the  two  weights,  and 
divide  by  the  sum  of  the  weights. 

Center  of  Gravity  by  Trial. 

If  a  body  be  suspended  from  a  point,  or  otherwise  supported  so  that 
it  is  free  to  vibrate  and  find  its  "own  center,"  its  center  of  gravity  will 
place  Itself  in  the  lowest  possible  position.  If  a  piece  of  sheet  metal 
be  freely  suspended  from  a  nail,  for  example,  the  center  of  gravity  will 
lie  in  a  vertical  direction  from  beneath  the  point  of  support  This 
fact  may  be  taken  advantage  of  in  order  to  find  the  center  of  gravity 
of  a  flat  plate  by  trial.  Suspend  it  from  some  point,  as  in  Fig.  10,  and 
from  the  same  point  hang  the  plumb-bob  B\  When  both  have  come 
to  rest,  hold  the  string  against  the  plate,  and,  using  it  as  a  guide, 
iraw  a  line  A  B  across  the  plate.  As  the  center  of  gravity  falls  verti- 
cally below  the  point  of  support,  It  must  lie  at  some  point  in  this 
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line.  Next,  suspend  the  plate  from  some  other  convenient  point  (Fig. 
11),  and  repeat  the  operation,  drawing  the  line  CD.  The  center  of 
gravity  must  lie  in  this  line,  also,  and  hence  its  location  is  at  the 
intersection  of  lines  AB  and  CD,  since  this  is  the  only  point  com- 
mon to  them  both.  Furthermore,  from  however  many  points  the  plate 
might  be  suspended,  the  plumb-line  would  pass  through  this  point  of 
intersection.    Two  suspensions  determine  the  point,  however,  and  are 

all  that  are  required. 

Applications  of  Pxinoiples. 

(a)  A  body  is  said  to  be  in  equilibrium  when  it  balances,  or  has  no 
tendency  to  overturn.  When  acted  upon  solely  by  the  force  of  gravity, 
the  only  conditions  necessary  for  the  equilibrium  of  a  body  is  that  a 
vertical  line  through  the  center  of  gravity  should  pass  through  the 
point  or  surface  which  supports  It  Thus,  in  Fig.  11,  the  plate  is  in 
equilibrium  as  drawn,  and  theoretically  it  would  also  be  In  equilibrium 
if  It  were  turned  half-way  around,  so  that  the  center  of  gravity  came 
directly  above  the  point  of  sapport    In  the  former  case,  however,  the 
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equilibrium  is  said  to  be  stable,  while  in  the  latter  it  is  unstable. 
Stable  eQuiUhrium  exists  tohere,  on  moving  the  body,  the  center  of 
gravity  ascends;  and  unstable  equilibrium  v>hen  it  .descends.  By 
swinging  the  plate  of  Fig.  11  about  its  point  of  support,  the  center  of 
gravity  would  rise,  and  with  the  position  of  the  plate  reversed,  if  it 
were  moved  either  way,  the  center  of  gravity  would  fall. 

The  case  of  bodies  resting  on  a  horizontal  base  is  illustrated  in 
Fig.  12.  A  leaning  body,  a  chimney,  for  example,  would  semain  in 
equilibrium  so  long  as  a  vertical  through  its  center  of  gravity  passed 
within  the  base,  as  is  the  case  here  with  the  center  of  gravity  at  Q. 
Moreover,  the  equilibrium  would  be  stable,  because  the  chimney,  in 
overturning,  would  act  as  though  pivoted  at  O,  which  is  at  the  right 
of  G,  and  therefore  the  center  of  gravity  would  have  to  ascend,  slightly, 
along  arc  QA,    Should  the  center  of  gravity  be  located  at  Q%  the 
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equilibrium  would  be  unstable,  because,  at  the  moment  of  overturn- 
ing, G'  would  begin  to  descend  along  the  arc  G'B.  With  the  center  of 
gravity  at  G",  the  vertical  falls  without  the  base,  and  the  chimney 
would  overturn. 

Equilibrium  is  said  to  be  neutral  when,  upon  moving  a  body,  its  cen- 
ter of  gravity  neither  ascends  nor  descends.  Examples:  A  flat  plate 
suspended  at  its  center  of  gravity;  a  cylinder,  cone  or  sphere  rolling 
upon  a  horizontal  surface. 

ib)  A  useful  application  is  found  in  one  of  the  theorems  of  Pap- 
pus, which  is  that  the  volume  of  any  solid  which  can  be  generated  by 
the  revolution  of  the  surface  about  an  axis,  is  equal  to  the  area  of  the 
surface  by  the  circumference  described  by  its  center  of  gravity. 

Momenta. 

The  tendency  of  a  force  acting  upon  a  body  is,  in  general,  to  pro- 
duce either  a  motion  of  translation  (that  is,  to  cause  every  part  of  the 
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body  to  move  in  a  straight  line)  or  to  produce  a  motion  of  rotation. 
A  moment,  in  mechanics,  is  the  measure  of  the  turning  effect  of  a 
force  which  tends  to  produce  rotation.  For  example,  suppose  a  force 
to  act  upon  a  body  which  is  supported  by  a  pivot.  Unless  the  line  of 
action  of  the  force  happens  to  pass  through  the  pivot,  the  body  will 
tend  to  rotate.  Its  tendency  to  rotate,  moreover,  will  depend  upon  two 
things:  (1)  upon  the  magnitude  of  the  force  acting,  and  (2)  upon 
the  distance  of  the  force  from  the  pivot,  measuring  along  a  line  at 
right  angles  to  the  line  of  action  of  the  force.  These  two  factors  taken 
together  always  determine  the  turning  effect,  and  their  product  is 
called  the  mom^ent  of  the  force. 

To  illustrate  further,  suppose  the  wrench  shown  in  Fig.  13  to  be  in 
position  No.  1,  and  that  a  person  grasps  it  at  point  F  and  pulls  in  the 
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direction  of  the  arrow  along  the  line  CD,  first  with  a  force  of  25 
pounds,  and  then  with  a  force  of  50  pounds.  The  bolt  O  acta  as  a 
pivot,  and  the  tendency  to  turn  Uie  wrench  and  nut  about  it  is  twice 
as  great  in  the  latter  as  in  the  former  case,  because  the  first  factor, 
namely,  the  magnitude  of  the  force,  has  been  increased  twofold.  Again, 
grasping  the  wrench  at  E  and  pulling  along  the  line  A  B,  its  effective- 
ness would  be  lessened,  for  the  reason  that  the  second  factor,  or  the 
distance,  Z,  measured  from  the  point  O  and  at  right  angles  to  the  line 
A  B,  is  less  than  the  distance  f  measured  at  right  angles  to  line  C  D. 
Finally,  suppose  the  wrench  to  be  in  position  No.  2,  and  to  be  grasped 
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at  the  end  at  F,  and  to  be  pulled  with  a  force  of  50  pounds  in  the 
direction  of  line  IK,  parallel  to  lines  AB  and  CD,  Here  the  wrench 
is  held  at  the  same  point  and  pulled  with  the  same  force  as  at  first, 
but  we  know  from  experience  that,  so  far  as  turning  the  nut. is  con- 
cerned, the  wrench  will  be  far  less  effective  when  in  position  No;  1. 
The  explanation  is  found  in  the  fact  that  the  effective  distance  of  the 
force  from  O  is  the  distance  h,  measured  at  right  angles  to  the  line 
IK,  along  which  the  force  is  supposed  to  act,  and  that  this  distance 
is  less  than  either  I  or  /. 

From  this  illustration  we  see  that  the  moment  of  a  force  is  numeri- 
cally equal  to  the  product  of  the  magnitude  of  the  force  and  the  per- 
pendicular distance  from  the  axis,  or  pivot,*  to  the  line  of  action  of  tiie 
force.  To  find  the  moment  of  a  force,  therefore,  (1)  determine  the 
location  of  the  axis  about  which  the  body  is  supposed  to  turn;  (2) 
draw  an  indefinite  line  representing  the  line  of  action  of  the  force; 
(3)  multiply  the  force  by  the  perpendicular  distance  from  the  axis  to 
the  line. 

This  perpendicular  distance,  as  7i,  Z,  or  f  in  Fig.  13,  is  called  the 
lever  arm  of  the  moment,  and  the  axis  or  pivot  the  center  of  rotation. 
If  the  force  is  taken  in  pounds  and  the  lever  arm  in  inches,  the  result 
will  be  in  inch-pounds,  while  if  the  foot  were  used  as  the  unit  of 
length,  the  result  would  be  in  foot-pounds.  The  term  foot-pounds, 
however,  has  here  a  very  different  meaning  from  that  which  has  been 
given  to  it  before.  In  this  case  it  is  the  unit  of  rotative  effect,  and 
in  the  other  the  unit  of  work,  or  the  work  done  in  raising  one  pound 
one  foot  high.    The  two  should  not  be  confused. 

In  Fig.  13,  if  the  pull  along  CD  should  be  50  pounds  and  the  dis- 
tance A  15  inches,  the  moment  of  the  force  would  be  15  X  50  =  750 
inch-pounds,  or 

15X50 

=  62.5 

12 
foot-pounds.  If  the  wrench  in  position  No.  2  should  be  pulled  in  the 
direction  of  the  arrow  along  the  line  ^^,  the  moment  would  be  the 
product  of  the  force  and  the  lever  arm  e.  When  a  force  tends  to  pro- 
duce right-hand  rotation,  or  rotation  in  the  direction  In  which  the 
hands  of  a  watch  move,  its  moment  is  said  to  be  positive,  and  negative 
when  the  rotation  tends  in  the  opposite  direction. 

The  Beaction  of  the  Pivot. 

If  a  block  of  wood  be  set  on  end  on  a  smooth  sheet  of  ice,  as  in 
Fig.  14,  and  a  horizontal  force  be  steadily  applied  at  its  upper  end, 
it  will  simply  slide  along  the  surface;  but  let  the  wooden  block 
be  placed  upon  a  rougher  surface,  and  the  result  will  be  that  it 
will  overturn  or  rotate  about  the  point  O,  which  acts  as  a  pivot.  In 
both  cases  the  frictional  resistance  F  on  the  lower  end  of  the  block  is 
a  force  acting  in  a  direction  opposite  to  P.  On  the  ice,  the  force  F 
Is  smaller  than  the  force  P,  but  on  the  rougher  surface  it  becomes 
exactly  equal  to  it;  for,  if  F  should  be  smaller  than  P,  instead  of  equal 
to  it,  the  block  would  riot  overturn,  but  would  move  to  the  left  as  it 
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did  when  resting  upon  the  ice.  Similarly,  whenever  rotary  .motion  of 
any  hody  occurs,  there  must  he  at  least  two  equal  and  opposite  forces, 
not  in  the  same  straight  line.    This  principle  is  universal. 

In  Fig.  13,  for  example,  the  bolt  must  re-act  with  a  force  equal  and 
opposite  to  that  applied  to  the  handle  of  the  wrench.  There  is  a 
reaction  at  the  %haft  and  bearing  of  a  gear  wheel  or  pulley,  which  is 
equal  and  opposite  to  the  force  applied  by  the  driving  gear  or  belt. 

The  Principle  of  MomentB. 

When  two  or  more  forces  act  upon  a  rigid  body  and  tend  to  turn 
it  about  an  axis,  then,  for  equilibrium  to  exist,  the  sum  of  the  moments 
of  the  forces  which  tend  to  turn  the  body  in  one  direction  must  be 
equal  to  the  sum  of  the  moments  of  those  which  tend  to  turn  it  in 
the  opposite  direction  about  the  same  axis. 

In  Fig.  15,  a  lever  30  inches  long  is  pivoted  at  the  fulcrum  O.  At 
the  right,  and  10  inches  from  O  is  a  weight,  B,  of  12  pounds,  tending 
to  turn  the  bar  in  a  right-hand  direction  about  its  fulcrum  O.  At 
the  left  end,  12  inches  from  O,  the  weight  A  of  4  pounds  tends  to  turn 
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the  bar  in  a  left-hand  direction,  while  weight  C,  at  the  other  end, 
18  inches  from  O,  has  a  like  effect,  through  the  use  of  the  string  and 
pulley  P.  Taking  moments  about  *0,  which  is  the  center  of  rotation, 
we  have: 

Moment  of  B  =  10  X  12  =  120  inch-pounds. 
Opposed  to  this  are  the  moments  of  A  and  C: 

Moment  of  A  =  4  X  12  =   48  inch-pounds. 
Moment  of  B  =  4  X  18  =   72  inch-pounds. 


Sum  of  negative  moments  =  120  inch-pounds. 

Hence,  the  opposing  moments  are  equal,  and,  if  we  suppose,  for 
simplicity,  that  the  lever  is  weightless,  it  will  balance  or  be  in  equili- 
brium. Should  weight  A  be  increased,  the  negative  moments  would  be 
greater  and  the  lever  would  turn  to  the  left,  while  if  B  should  be 
increased,  or  its  distance  from  O  be  made  greater,  the  lever  would  turn 
to  the  right.  In  the  following  treatment  on  the  lever  some  additional 
examples  will  be  taken  up. 

Another  application  of  the  principle  of  moments  is  given  in  Fig.  16. 
A  beam  of  uniform  cross-section,  weighing  200  pounds,  rests  upon  two 
supports,  R  and  R\  which  are  12  feet  apart.  The  weight  of  the  beam 
is  considered  to  be  concentrated  at  its  center  of  gravity  G,  at  a  dis- 
tance of  6  feet  from  each  support.  A  weight  of  50  pounds  is  placed 
upon  the  beam  at  a  distance  of  9  feet  from  the  right-hand  support,  R', 
Required,  the  portion  of  the  total  weight  borne  by  each  support 
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Before  proceeding,  it  should  be  explained  ^hat  the  two  supports 
react  or  push  upward,  with  a  force  equal  to  the  downward  pressure 
of  the  beam.  To  make  this  clear,  suppose  two  men  to  take  hold  of 
the  beam,  one  at  each  end,  and  that  the  supports  be  withdrawn.  Then, 
in  order  to  hold  the  beam  in  position,  the  two  men  must  together  lift 
or  pull  upward  an  amount  equal  to  the  weight  of  the  beam  and  its 
load»  or  250  pounds.  Placing  the  supports  In  position  again,  and  rest- 
ing the  beam  upon  them,  does  not  change  the  conditions.  The  supports 
must  react  upwards  just  as  the  men  had  to  pull  up.  The  weight  of 
the  beam  acts  downward,  and  the  supports  reaot  by  an  equal  amount. 
This  is  an  extension  of  the  principle  of  the  reaction  of  the  pivot  men- 
tioned above. 

Now,  to  solve  the  problem,  assume  the  beam  to  be  pivoted  at  one 
support,  say  at  R\  The  forces  or  weights  of  50  pounds  and  200  pounds 
tend  to  rotate  the  beam  in  a  left-hand  direction  about  this  point,  while 
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the  reaction  of  R  in  an  upward  direction  tends  to  give  it  a  right-hand 
rotation.  As  the  beam  is  balanced  and  has  no  tendency  to  rotate,  it  is 
in  equilibrium,,  and  the  opposing  moments  of  tl^ese  forces  must  balance. 
Hence,  taking  moments, 

9  X    50  =    450  foot-pounds. 

6  X  200  =  1,200  foot-poun<is. 


9um  of  negative  moments  =  1,650  foot-ponij^s. 

Letting  R  represent  the  reaction  of  support. 

Moment  of  /J  =  B  X  12  foot-pounds. 

By  the  principle  of  moments,  /?  X  12  =  1,650.  That  is,  if  R,  the 
quantity  which  we  wish  to  obtain,  be  multiplied  by  12,  the  result  will 
be  1,650.  Hence,  to  obtain  R,  divide  1,650  by  12,  whence  «  =  137.5 
pounds,  which  is  also  the  weight  of  that  end  of  the  beam.  As  the  total 
load  is  250  pounds,  the  weight  of  the  other  end  must  be  250  — 137.5  = 
112.5  pounds. 

The  Lever. 

'  Under  the  subject  of  moments,  it  was  shown  that,  for  a  lever  to  be 
in  equilibrium — that  is,  for  it  to  balance — the  sum  of  the  moments 
tending  to  turn  it  in  one  direction  about  its  fulcrum,  must  balance 
or  equal  the  sum  of  those  which  tend  to  turn  it  in  the  opposite 
direction.  This  simple  principle  enables  us  to  solve  examples  where 
it  is  desired  to  find  the  length  of  one  of  the  lever  arms,  or  one  of  the 
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forces  or  resistances  acting  upon  the  lever,  the  operations  being  some- 
"vhat  similar  to  those  used  in  Ending  the  reaction  of  the  supports  of 
the  beam  shown  in  Fig.  16. 

A  very  common,  but  at  the  same  time  a  useful,  illustration  is  found 
in  the  lever  safety-valve.  In  Pig.  17,  let  8  be  the  inside  diameter  of 
the  valve  seat;  G,  the  center  of -gravity  of  the  lever;  and  W  the  weight 
used  to  hold  down  the  lever  and  keep  the  valve  closed.  The  pivot  or 
fulcrum  O  is  the  point  about  which  moments  are  to  be  taken,  and 
when  the  valve  is  Just  at  the  point  of  blowing  ofT,  the  opposing 
moments  which  keep  the  lever  in  equilibrium  are  (1)  the  pressure 
•"^gainst  the  valve  multiplied  by  the  distance  A,  tending  to  turn  it  in 
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a  left-hand  dlrecUon,  and  (2)  the  weight  W  multiplied  by  C,  plus  the 
weight  of  the  lever  multiplied  by  B,  tending  to  turn  it  in  a  right-hand 
direction.  The  weight  of  the  valve  itself  is  coniparatively  small  and 
may  be  neglected. 

The  Principle  of  Work. 

There  is  another  principle  of  more  importance  than  the  principle  of 
moments,  even  in  the  study  of  machine  elements.  It  is  called  the 
principle  of  work,  and  to  make  it  cleaV-,  we  will  analyze  the  process  of 
the  operation  of  a  machine. 

1.  A  force  such  as  the  pull  of  a  driving  belt,  or  the  pressure  of 
steam,  is  applied  in  a  given  direction  at  one  or  more  pioints.  The 
product  of  the  force,  and  the  distance  through  which  it  moves,  meas- 
ure the  work  that  is  put  into  the  machine. 

2.  The  applied  force  is  transmitted  to  the  point  where  the  opera- 
tion   is    to    be    performed.      During    the    transmission    the    force    is 
modified  in  direction  and  amount,  partly  by  the  arrangement  of  the 
mechanism   and   partly   by   the   resisting   force   of   friction,   which   it. 
must  overcome. 

3.  At  the  point  where  the  operation  is  performed  the  modified 
force  overcomes  a  resistance  in  any  required  direction,  such»  for 
example,  as  the  resistance  of  metal  to  a  cutting  tool.  The  product 
of  the  resistance,  and  the  distance  through  which  it  is  overcome, 
measures  the  work  done  by  the  machine. 
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The  principle  of  work  states  that,  neglecting  frictional  or  other 
losses,  the  applied  force,  multiplied  by  the  distance  through  which  it 
moves,  equals  the  resistance  overcome,  multiplied  by  the  distance 
through  which  it  is  overcome.  That  is,  a  force  acting  through  a 
given  distance,  can  be  made  to  overcome  a  greater  force  acting  as  a 
resistance  through  a  less  distance;  but  no  possible  arrangement  can 
be  made  to  overcome  a  greater  force  through  the  same  distance. 
The  principle  of  work  may  also  be  stated  as  follows: 
Work  put  in  =  lost  work  +  loork  done  "by  machine. 
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This  principle  holds  absolutely  in  every  case.  It  applies  equally  to 
a  simple  lever,  the  most  complex  mechanism,  or  to  a  so-called  "per- 
petual motion"  machine.  No  machine  can  be  made  to  perform  work 
unless  a  somewhat  greater  amount — enough  to  make  up  for  the 
losses — ^be  applied  by  some  external  agent.  As  in  the  "perpetual 
motion"  machine  no  such  outside  force  is  supposed  to  be  applied,  this 
problem  is  absolutely  impossible,  and  against  all  the  laws  of  mechanics. 

The  Wheel  and  Axle. 

This  mechanism,  Fig.  18,  is  simply  an  arrangement  for  continuing 
the  action  of  the  lever  as  long  as  required.  So  long  as  a  sufficient 
pull  is  applied  to  the  rope,  which  fits  into  the  grooved  wheel,  to  over- 
come the  resistance  of  the  load  attached  to  the  rope  that  passes  over 
the  drum,  the  weight  will  be  raised. 

(a)  First  we  will  apply  the  principle  of  moments.  In  Fig.  19,  let 
the  larger  circle  represent  the  circumference  of  a  wheel  of  radius  R, 
to  the  periphery  of  which  a  force  P  is  applied.  Let  the  smaller  circle 
represent  the  circumference  of  the  drum  of  radius  r,  to  the  periphery 
of  which  is  applied  a  resistance  W.  P  and  W  correspond  to  the  pull 
*n  the  rope  and  the  resistance  of  the  weight  indicated  in  Fig.  18. 

The  moment  of  the  force  P  about  the  center  O,  which  corresponds 
tothe  fulcrum  of  a  lever,  is  P  multiplied  by  the  perpendicular  distance 
Ri^t  being  a  principle  of  geometry  that  a  radius  is  perpendicular  to  a 
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line  drawn  tangent  to  a  circle,  at  the  point  of  tangency.    Also  the  op- 
posing moment  of  TV  is  W  X  r.    Hence,  by  the  principle  of  moments, 

PXR  =  WXr, 

(6).  Now,  for  comparison,  we  will  apply  the  principle  of  work.  As- 
suming this  principle  to  be  true,  the  pull  P  multiplied  by  the  distance 
passed  through  by  the  rope  should  equal  the  resistance  W  multiplied 
by  the  distance  that  the  load  is  raised.  In  one  revolution  the  driving 
rope  passes  through  a  distance  equal  to  the  circumference  of  the  wheel, 
which  is  equal  to  2  X  3.1416  X  12  =  6.2832  X  R,  and  the  hoisting  rope 
passes  through  a  distance  equal  to  2  X.  3.1416  X  r.  Hence,  by  the 
principle  of  work, 

6.2832  X  P  X  «  =  6.2832  XWXr. 

This  statement  simply  shows  that  P  XR  multiplied  by  6.2832  equals 
W  Xr  multiplied  by  the  same  number,  and  it  is  evident  therefore, 
that  the  equality  will  not  be' altered  by  canceling  the  6.2832  and  writing 

PXR^WXr, 

But  this  is  the  same  statement  that  was  obtained  above  by  applying 
the  principle  of  moments.  Hence,  we  see  that  the  principle  of  moments  • 
and  the  principle  of  work  harmonize. 

It  is  to  be  observed  that  in  the  wheel  and  axle  mechanism  the  drum 
may  be  of  any  size  and  that  the  wheel  may  be  replaced  by  a  crank, 
since  the  patl^  described  by  the  crank  handle  or  crank  pin  is  the  cir- 
cumference of  a  circle  of  a  radius  equal  to  the  length  of  the  crank. 

Wheel- work. 

A  series  of  two  or  more  axles  geared  together  by  toothed  wheels,  or 
by  pulleys  connected  by  belts,  is  called  a  train.  A  wheel  which  ixi|- 
parts  motion  is  called  a  driver,  and  one  which  receives  the  motion  a 
driven  wheel.  It  can  easily  be  shown  that  the  basis  of  operation  of  a 
train  of  wheels  is  a  continuation  of  the  principle  of  the  wheel  and 
axle.  In  the  latter  the  wheel  is  in  reality  a  driven  wheel  and  the  axle 
or  drum  a  driver,  and  hence  we  have  that  the  product  of  the  applied 
force  and  the  radius  of  the  driven  equals  the  product  of  the  resistance 
and  the  radius  of  the  driver.  To  extend  the  rule  to  the  wheel  train, 
we  have  that  the  continued  product  of  the  applied  force  and  the  radii 
of  the  driven  wheels  equals  the  continued  product  of  the  resistance 
and  the  radii  of  the  drivers.  In  calculations,  the  diameters,  or  the 
number  of  teeth  in  the  wheels  may  be  used  instead  of  the  radii,  as 
stated  above. 

The  Pulley, 

The  pulley,  as  a  machine  element,  consists,  in  its  simplest  form,  of 
a  grooved  wheel  or  sheave  turning  within  a  frame,  called  a  block,  by 
means  of  a  cord  or  rope  which  passes  over  it.  Combinations  of  these 
blocks  are  used  in  order  to  gain  a  mechanical  advantage  in  raising 
weights. 

In  Fig.  20  is  a  fixed  and  movable  pulley.  The  fixed  pulley  A,  ani 
also  one  end  of  the  rope,  is  attached  to  the  beam  overhead,  whie 
pulley  B  may  be  raised  or  lowered  through  the  action  of  the  ro)e. 
The  distance  through  which  B  and  hence  the  weight  W  move  is  e<ual 
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to  one-half  the  moyemcot  of  the  free  end  of  the  rope.  The  ap|^lied 
force  P,  therefore,  acts  through  twice  the  distance  passed  througjh  by 
the  weight,  and  will  rais^  an  object  whose  weight  is  equal  to  2  P,  neg- 
lecting, of  course,  all  frietional  losses.  As  the  rope  passes  freely  over 
the  pulleys,  the  stress  isfjthe  same  at  every  point  and  is  equal  to  the 
pull  P.  Assuming  P  to  be  100  pounds,  the  pull  exerted  in  either  direc- 
tion by  the  rope  at  sections  a,  h  and  c  would  therefore  be  100  pounds, 
and  hence  the  forces  supporting  W  would  be  100  -f  100  =  200  poii|nds, 
the  pull  upon  eye-bolt  C  would  be  100  pounds,  and  the  forces  acting 
at  D,  100  -f  100  =  200  pounds. 

In  Fig.  21  is  represented  a  combination  of  a  double  and  a  triple 
block.  The  pulleys  of  each  turn  freely  upon  the  same  pin  as  an  axis, 
and  for  convenience  in  illustration  are  drawn  with  different  diameters, 
this  method  serving  well  to  show  the  principles  of  operation.  In 
Fig.  22  are  the  same  blocks,  but  with  their  positions  reversed,  the 
triple  block  being  the  movable  one  and  the  double  block  being  fixed, 
while  the  end  of  the  rope  is  here  made  fast  to  the  upper  or  fixed  block 
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instead  of  to  the  movable  one,  as  in  Fig.  21.  In  either  case,  by  the 
principle  of  work,  the  applied  force  P,  times  the  distance  through  which 
it  moves,  must  equal  the  weight  W,  times  the  height  that  it  is  raised. 
Suppose  W  and  the  movable  block  to  be  raised  bodily  one  foot  without 
pulling  at  P.  In  Fig.  21  there  would  then  be  one  foot  of  slack  In  each 
of  the  parts  of  the  rope  numbered  from  1  to  5,  or  five  feet  In  all,  Jind 
to  take  up  this  the  free  end  of  the  rope  would  have  to  be  pulled  down 
five  feet,  which  is  five  times  the  distance  moved  through  by  the 
weight  W.  Hence,  in  lifting  the  weight  a  given  distance,  the  force  P 
moves  through  five  times  this  distance;  and  applying  the  principle  of 
work,  PX5  =  WX1,  or  an  applied  force  of  one  pound  will  be  suf- 
ficient to  lift  a  weight  of  five  pounds.  By  similar  reasoning  it  will 
appear  that,  as  arranged  in  Fig.  22,  an  applied  force  of  one  pound  will 
lift  a  weight  of  six  pounds,  there  being  six  parts  of  the  rope  In  which 
slack  can  be  taken  up  instead  of  five,  as  before.    Whatever  the  arrange- 
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ment  or  number  of  the  pulleys,  the  weight  that  can  be  raised  can  be 
calculated  by  observing  the  relative  distances  passed  through  by  the 
two  forces  P  and  W.  It  should  be  noticed  however,  that  the  resistance 
that  can  be  overcome  Is  always  equal  to  the  applied  force  multiplied  by 
the  number  of  the  parts  of  the  rope  that  engage  with  the  movable 
block,  which  is  a  convenient  rule  to  use.  Thus,  if  there  were  seven 
parts  springing  from  the  movable  block,  a  force  of  100  pounds  would 
overcome  a  resistance  of  100  X  7  =  700  pounds,  neglecting  f  rictlonal 
losses. 

This  rule  may  also  be  arrived  at  by  considering  that  the  force  P 
produces  a  uniform  stress  equal  to  P  throughout  the  whole  length  of 
the  rope,  as  vms  mentioned  in  connection  with  Fig.  20.  In  Fig.-  21,  for 
example,  the  tension  in  each  of  the  numbered  parts  is  equal  to  P, 
and  the  total  upward  force  supporting  the  weight  is  equal  to  5  X  P. 

In  the  foregoing  it  is  assumed  that  the  supporting  ropes  all  hang 
vertically.  In  practice,  they  usually  do,  very  nearly.  In  case  they 
should  not,  however,  the  problem  is  more  complicated.  We  shall  deal 
with  this  problem  later. 

The  Screw. 

By  this  time  the  universal  character  of  the  principle  of  work  must 
be  apparent,  even  to  one  who  but  imperfectly  understood  its  Importance 
before.  The  law  that  work  received  equals  work  delivered,  is  every- 
where true,  if  we  disregard  the  losses  of  transmission.  In  the  case 
of  the  screw,  the  initial  force  moves  through  the  circumference  of  a 
circle,  the  point  of  application  usually  being  at  the  end  of  a  crank  or 
bar,  at  the  surface  of  a  pulley,  or  applied  in  some  similar  manner.  A 
screw  may  be  defined  as  a  cylinder  around  which  threads  are  wound  In 
successive  coils  or  helices,  equally  spaced.  The  lead  of  a  single-thread- 
ed screw  is  the .  dlEtance  between  like  points  pn  successive  threads 
measured  on  a  line  parallel  to  the  axis  of  the  screw.  The  amount  that 
a  screw  advances  in  one  turn  is  equal  to  the  lead,  and  in  fractional 
rums  it  is  equal  to  the  same  fraction  of  the  lead.  Thus,  If  a  screw 
is  given  one-fourth  turn  it  advances  one-fourth  of  the  lead,  and  the 
ratio  is  the  same  as  though  the  screw  were  supposed  to  make  one 
complete  turn  and  to  advance  a  distance  equal  to  the  full  lead.  Hence, 
we  have  for  the  screw  that  the  applied  force  multiplied  by  the  circum- 
ference of  the  circle  described  by  the  force  equals  the  resistance  multi- 
plied by  the  lead. 

Machine  Effloiency. 

Thus  far  in  problems  of  work  we  have  neglected  entirely  the  effect 
of  frictional  losses,  which  in  many  cases  require  a  greater  expenditure 
of  power  than  that  necessary  for  the  operations  actually  performed  by 
the  machine. 

The  efficiency  of  a  machine  is  the  ratio  of  the  work  got  out  of  a 
machine  to  th^  work  put  in,  and  Is  obtained  by  dividing  the  former 
quantity  by  the  latter.  If  1,000  foot-pounds  of  work  were  done  by  a 
machine  in  a  given  time,  and  1,000  foot-pounds  of  work  were  put  in 
in  the  same  time,  then  the  efficiency  would  be  equal  to  1,000A,000  =  1, 
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or  100  per  cent;  but  if  only  250  foot-pounds  were  done  by  tbe  machine, 
the  rest  being  absorbed  by  friction,  the  efficiency  would  be  250A>000  = 
0.25,  or  25  per  cent  The  efficiency  of  a  machine  can  never  be  greater 
than  1. 

Oraphlcal  Bepreeentation  of  Forces. 

A  force  possesses  three  prominent  characteristics  which,  when  known, 
determine  it..  They  are:  Its  direction,  place  of  application,  and  magni- 
tude. The  direction  of  a  force  is  the  direction  in  which  it  tends  to 
move  the  body  upon  which  it  acts.  If  not  influenced  by  any  other 
forces,  this  will  always  be  along  a  straight  line.  The  place  of  applica- 
tion of  a  force  is  generally,  though  not  always,  taken  at  a  point,  as 
at  the  center  of  gravity.  The  magnitude  of  a  force  is -measured  in 
pounds. 

Previously  we  have  represented  forces  which  have  be^i  supposed  to 
act  at  a  given  point,  or  in  certain  directions,  by  means  of  straight  lines 
and  arrowheads,  this  being  a  natural  and  convenient  way  to  do.  It  can 
be  shown,  moreover,  that  this  method  serves  to  represent  very  accu- 
rately the  three  characteristics  mentioned  above.  The  straight  line 
indicates  the  line  of  action  of  the  force,  the  arrowhead  the  direction 
in  which  the  force  is  supposed  to. act  along  the  line,  and  the  length  of 
the  line  and  magnitude  of  the  force,  a  suitable  scale  being  adopted. 
Thus,  if  a  scale  of  1A6  of  an  inch  to  ten  pounds  were  used,  a  line 
2^  inches  long  would  represent  a  force  of  400  pounds.  The  point  of 
application  may  occur  at  any  point  on  the  line,  but  it  is  generally 
convenient  to  assume  it  to  be  at  one  end. 

To  illustrate,  in  Fig.  23,  a  force  is  supposed  to  act  along  the  line 
AB  in  a  direction  from  left  to  right.  The  length  AB  may  be  made  to 
show  the  magnitude  of  the  force.  If  A  is  the  point  of  application,  the 
force  is  exerted  as  a  pull,  and  if  B  should  be  assumed  to  be  the  point 
.at  which  it  acts,  it  would  indicate  that  the  force  was  exerted  as  a 
push.  The  single  force  which  will  produce  the  same  effect  upon  a  body 
as  two  or  more  forces  acting  together  upon  it  is  called  their  resultant. 
The  separate  forces  themselves,  which  can  be  so  combined,  are  called 
the  components.  The  process  of  finding  the  resultant  of  two  or  more 
forces  is  called  the  composition  of  forces,  and  of  finding  two  or  more 
components  of  a  given  force,  the  resolution  of  forces. 

Parallelogram  of  Forces. 

In  Fig.  24,  let  A  and  B  be  two  pulleys  which  are  pivoted  to  a  board, 
and  around  which  a  cord  is  passed,  having  weights  P  and  Q  at  the 
ends.  Near  the  center  of  the  cord  a  third  weight,  R,  is  suspended  as 
shown«  We  will  assume  that  the  three  weights  are  so  proportioned 
that  they  will  come  to  rest  In  the  positions  shown,  and  thus  the  point 
0  will  be  acted  upon  by  three  forces  in  equilibrium,  whose  lines  of 
action  lie  in  the  directions  taken  by  the  three  parts  of  the  cord.  It  is 
obvious,  moreover,  and  this  point  should  be  carefully  noted,  that 
under  these  conditions  the  force  acting  along  0  0  must  be  exactly 
equal  and  opposite  to  the  resultant  of  the  forces  acting  along  0  A  and 
0  B.    Now  measure  along  0  B  the  part  0  b  containing  as  many  inches 
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as  tfiere  are  pounds  in  the  weight  Q,  and  along  0  A  the  part  O  a  con- 
taining as  many  inches  as  there  are  pounds  in  the  weight  P.  With  a 
peiieil,  draw  the  lines  O  a  and  O  h  upon  the  supporting  board  and  com- 
plete the  parallelogram  Oarh.  Then  O a  and  O  Z>  will  represent  the 
ma^naitude  and  direction  of  the  forces  acting  along  O  A  and  0  B,  and 
upon  examination  it  will  be  found  that  if  the  diagonal  0  r  be  drawn, 
it  will  extend  in  the  same  line  as  the  cord  0  0  aad  will  contain  as 
many  inches  as  there  are  pounds  in  R.  Therefore,  0  r,  being  opposite 
to  0  C,  represents  in  magnitude  and  direction  the  resultant  of  forces 
O  a  and  O  &. 

The  foregoing  is  an  experimental  proof  of  the  principle  of  the  paral- 
lelogram of  forces,  which  is  as  follows: 

If  two  forces  applied  at  a  point  are  repr^ented  in  magnitude  and 
direction  by  the  adjacent  sides  of  a  parallelogram  {AB  and  A  C7  in 
Fig.  25),  their  resultant  will  be  represented  in  magnitude  and  direction 
by  the  diagonal  iAR)  lying  between  those  sides. 

As  an  illustration  of  the  use  of  the  parallelogram  of  forces,  let  it 
be  required  to  find  the  force  acting  through  the  connecting-rod  of  a 
steam  engine  due  to  the  steam  pressure  upon  the  piston.    In  Fig.  26 
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the  steam  pressure  is  transmitted  through  the  piston-rod  PA,  and  at 
the  cross-head  A  is  resolved  into  two  components,  one  along  the  con- 
necting-rod and  the  other  at  right  angles  to  the  piston-rod.  This  is 
due  to  the  angle  made  by  the  connecting-rod  which  creates' a  pressure 
upon  the  guides.  Since  the  decomposition  of  the  force  occurs  at  A, 
from  this  point  draw  the  line  AR,  representing  in  magnitude  and 
direction  the  force  of  the  steam  pressure  against  the  piston.  Draw  an 
indefinite  line  AE  2X  right  angles  to  the  piston-rod,  and  from  R  draw  < 
R B  and  R C  parallel  to  AE  and  A D,  respectively.  Then  the  points  of 
intersection,  B  and  C,  will  determine  the  kngths  of  the  component 
•  A  B  acting  along  the  connecting-rod,  and  of  the  component  A  C  perpen- 
dicular to  the  guides. 

Motion. 

Motion  is  a  progressive  change  of  position.  We  can  judge  of  the 
motion  of  a  body  only  by  comparison  with  the  position  of  some  other 
body,  which  latter  does  not  have  the  same  motion.  Motion,  then,  is 
a  relative  term.  A  railroad  train  running  at  10  miles  an  hour  has 
this  speed  in  relation  to  the  earth,  but  in  relation  to  another  train 
moving  at  the  same  rate  on  a  parallel  track,  and  In  the  opposite 
direction,  its  motion  is  at  the  rate  of  20  miles  an  hour.  A  brakeman 
running  from  the  forward  to  the  rear  end  of  a  freight  train  at  the 


Digitized  by  LjOOQ IC 


PRINCIPLES  OF  MECHANICS  27 

rate  of  5  miles  an  hour,  might  be  moving  with  either  a  greater  or  less 
velocity  than  this  when  compared  with  the  ground,  depending  upon 
the  motion  of  the  train;  and  if  it  should  happen  that  the  train  was 
moving  forward  at  the  rate  of  5  miles  an  hour,  the  man  would  appear 
stationary  to  an  observer  standing  beside  the  track. 

To  put  a  body  into  motion  or  to  alter  its  motion,  requires  the 
expenditure  of  force,  as  is  a  matter  of  common  observance,  and  a  Uttle 
consideration  will  show  that  the  tendency  of  force  is  always  to  produce 
motion,  or  to  modify  it.  In  case  the  body  acted  upon  is  perfectly  free 
to  move,  however,  as  is  nearly  the  condition,  for  example,  of  a  heavy 
ball  suspended  from  the  ceiling  by  a  long  wire,  the  effect  will  always 
be  to  actually  produce  motion  however  slight  the  force.  In  that 
branch  of  mechanics  called  dynamics,  which  treats  of  the  motion  of 
bodies,  we  generally  have  to  deal  only  with  cases  of  this  kind.    Should 
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it  be  necessary,  however,  to  take  frictional  resistances  into  account, 
we  deduct  that  part  of  the  applied  force  which  is  used  In  overcoming 
friction,  and  assume  that  the  remainder  of  the  force  acts  as  though 
such  resistance  did  not  exist 

Velocity  is  the  rate  of  motion.  When  speakins  above  of  the  train 
moving  10  miles  an  hour,  or  of  the  brakeman  running  5  miles  an  hoar, 
the  velocity  of  the  train  or  brakeman  was  meant.  Uniform  velocity 
takes  place  when  equal  spaces  are  passed  over  in  equal  times,  and 
variable  velocity  when  the  spaces  are  unequal.  In  physical  problems, 
velocity  is  generally  expressed  in  feet  per  second,  and  in  engineering 
work  in  feet  per  minute.  Other  units  are  also  used,  as  when  we  speak 
of  the  velocity  of  a  railroad  train  as  being  a  certain  number  of  miles 
per  hour. 

The  velocity  of  a  body  is  equal  to  the  distance  passed  through, 
uniformly  divided  by  the  time.  In  problems  in  dynamics  it  is  custom- 
ary to  speak  of  distance  as  space,  and  in  conformity  with  this  we 
will  represent  it  by  the  letter  8. 

Let  £f  =  the  space,  or  distance;  V^the  velocity;  and  ^^the  time. 
Then  8 

F  =  — .  (7) 

t 

Formula  (7)  may  be  re-written  so  as  to  find  the  values  of  8  and  I, 

thus:  8 

fif  =  y«  and  t=z—. 
7 
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Acceleration  is  the  rate  at  which  velocity  changes  when  it  is  variable, 
that  is,  acceleration  is  the  change  in  the  velocity  of  a  body  during  a 
very  short  interval  of  time,  as  a  second.  Thus,  suppose  a  body  to  have 
a  velocity  one  second  of  100  feet  per  second,  and  the  next  second 
of  110  feet  per  second.  The  acceleration  is  then  10  feet  per  second 
in  a  second.  If  it  should  require  two  seconds  for  this  increase  of 
velocity  to  occur,  the  acceleration  would  be  10  -r-  2  =  5  feet  per  second 
in  a  second,  and  if  it  should  occur  during  an  interval  of  one-fourth  of 
a  second,  it  would  be  10  -r-  ^  =  40  feet  per  second  in  a  second.  When 
motion  is  decreasing  instead  of  increasing,  it  is  called  retarded  motion. 

An  important  application  of  accelerated  motion  is  found  in  the  case 
of  bodies  falling  under  the  influence  of  gravity;  this  will  be  taken  up 
later.  A  body  falling  freely  from  rest  to  the  earth  acquires  during 
the  first  second  a  velocity  of  about  32  feet  per  second;  at  the  end  of 
the  second  second  a  velocity  of  about  32  +  32=64  feet  per  second;  at 
the  end  of  the  third  second  a  velocity  of  64  -f  32  =  96  feet  per  second, 
and  BO  on.  It  1b  thus  a  case  of  uniformly  accelerated  motion.  This 
acceleration,  due  to  the  gravity  of  32  feet  per  second  in  a  second  (32.2, 
more  exactly,  for  the  vicinity  of  London,  and  32.16  for  the  vicinity  of 
New  York)  enters  so  much  into  calculations  that  it  is  customary  to 
always  represent  it  by  the  same  letter — ^the  letter  g.- 

Mass. 

The  mass  of  a  body  is  the  quantity  of  matter  that  it  contains.  We 
are  accustomed  to  think  of  the  weight  of  a  body  as  a  measure  of 
its  mass.  When  one  speaks  of  a  ton  of  coal,  the  word  ton  conveys 
at  once  an  idea  of  the  quantity  of  coal  that  is  referred  to.  We  know, 
however,  that  weight  varies  with  the  locality,  decreasing  jui  we  go 
above  the  sea  level,  and  increasing  in  passing  either  north  or  south 
from  the  equator.  This  fact  was  briefly  explained  in  the  first  part 
of  this  treatise.  The  variation  is  slight,  and  in  any  case  could  not  be 
detected  with  the  ordinary  balance  scales,  but  it  nevertheless  exists. 
If  a  load  of  coal  should  weigh  2,000  pounds  at  the  sea  level  on  a  pair 
of  platform  scales,  and  should  then  be  drawn  to  the  top  of  a  mountain 
a  mile  high  and  similarly  weighed,  the  scales  would  again  balance  at 
2,000  pounds,  because  any  variation  in  the  attraction  of  gravity  between 
the  two  places  would  affect  the  counterpoise  of  the  scales  in  the  same 
ratio  that  it  affected  the  body  weighed.  But  if  the  coal  were  weighed 
in  a  large  spring  balance,  it  would  be  found  to  weigh  only  about  1,999 
pounds  on  the  mountain  top;  yet  it  is  perfectly  plain  that  the  quantity 
of  matter  in  the  coal  would  not  be  altered  in  any  way  by  the  journey. 
We  thus  see  how  easy  it  is,  and  also  how  erroneous,  to  form  the  idea 
that  weight  is  a  correct  measure  for  quantity  of  matter  or  mass. 

To  obtain  a  numerical  expression  for  mass,  divide  the  weight  of  a 
body  as  determined  by  a  spring  balance  g,  by  the  acceleration  due  to 
gravity  at  that  point;  or  for  practical  purposes,  the  weight  as  deter- 
mined by  a  pair  of  good  scales  by  32.16.    Expressed  as  a  formula: 

weight 
ifuu«  = .  (8) 
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This  expression  fulfills  the  condition  required;  namely,  it  gives  a 
constant  value,  wherever  the  locality.  Weight  varies  directly  as  the 
force  of  gravity,  and  so  does  the  value  of  g.  Hence,  if  the  weight  and 
g  are  both  determined  at  the  same  place,  their  ratio  will  be  constant 

100 

for  all  places.     Thus  the  mass  of  a  100-pound  weight  =  3.11 

32.16 
pounds.    On  the  surface  of  the  sun,  where  the  force  of  gravity  is  28 
times  as  great  as  here,  the  same  object  would  weigh  2,800  .pounds,  but 
28  X  100 

its  mass  would  be  =  3.11  pounds,  as  before.       It  will  be 

28  X  32.16 
observed  that  both  mass  and  weight  are  taken  In  pounds.    This  double 
use  of  the  word  pound  is  customary, .  though   somewhat  ambiguous. 
Mass  is  an  important  factor  in  the  study  of  motion. 

Newton's  Laws  of  Motion. 

The  first  clear  statement  of  the  fundamental  relations  existing 
between  force  and  motion  was  made  In  the  17th  century  by  Sir  Isaac 
Newton,  the  English  mathematician  and  physicist.  It  was  put  in  the 
form  of  three  laws,  which  are  given  as  originally  stated  by  Newton: 

I.  Every  body  continues  in  its  state  of  rest,  or  uniform  motion  in  a 
straight  line,  except  in  so  far  as  it  may  be  compelled  by  force  to 
change  that  state. 

II.  Change  of  motion  is  proportional  to  the  force  applied  and  takes 
place  in  the  direction  in  which  that  force  acts. 

in.  To  every  action  there  is  always  an  equal  reaction;  or,  the 
mutual  action  of  two  bodies  are  always  equal  and  oppositely  directed. 

Law,  /.  The  first  law  is  known  as  the  law  of  inertia,  and  it  is,  in 
fact,  a  statement  of  the  principle  of  Inertia.  Inertia  is  a  general  prop- 
erty of  matter,  that  is,  a  peculiar  quality  possessed  by  all  bodies.  Just 
as  elasticity,  hardness,  ductility,  brlttleness,  etc.,  are  properties  com- 
mon to  different  substances.  By  virtue  of  this  property,  called  Inertia, 
all  bodies  are  compelled  to  remain  at  rest,  when  placed  at  rest,  or  in 
motion  when  placed  in  motion,  until  acted  upon  by  some  force.  The 
term  inertia  means  simply  the  inability  of  matter  to  change  Its  state 
with  regard  to  motion  or  rest. 

The  fact,  as  stated  in  the  first  law  of  motion,  that  any  object  at  rest 
cannot  of  itself  acquire  motion.  Is  a  matter  of  e very-day  observation. 
Whenever  a  body  passes  from  a  state  of  rest  to  one  of  motion,  a  cause 
can  always  be  assigned  for  the  change,  such  as  a  blow  or  a  push  or 
pull.  The  truth  of  this  statement  on  the  second  part  of  the  law,  how- 
ever, is  not  so  easily  grasped.  It  is  asserted  tl^t  a  body  once  in 
motion  will  continue  in  motion,  following  the  path  of  a  straight  line, 
unless  acted  upon  from  without,  and  it  is  implied  that  it  is  as  natural 
for  a  body  ty  continue  indefinitely  In  mo' ion  as  It  is  for  It  to  remain 
at  rest.  Looking  about,  however,  it  will  be  seen  that  whenever  the 
motion  of  a  body  is  altered,  or  changes  from  a  rectilinear  path,  it  is 
because  of  outside  interference.  A  ball,  for  example,  when  thrown 
from  the  hand,   moves   In  a  curved   path  and   finally   comes  to   rest 
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because  of  the  attraction  of  gravity  and  the  resistance  of  the  air.  If 
the  ball  be  rolled  along  the  rough  ground,  Its  loss  of  motion  is 
accounted  for  by  the  friction,  for  we  observe  that  the  smoother  the 
ground  the  further  the  ball  will  roll.  Again,  if  we  can  conceive  it 
possible  that  the  ball  could  be  hurled  out  into  space  away  from  these 
resistances,  It  is  reasonable  to  suppose  that  it  would  go  on  forever. 

The  effect  of  inertia  is  also  exhibited  whenever  we  attempt  to  put 
a  body  suddenly  into  motion  or  to  stop  one  already  in  motion.  The 
quick  start'  of  a  railway  train  throws  everybody  against  the  back  of 
his  seat,  as  we  say,  and  in  a  similar  manner  the  passengers  are  thrown 
forward  when  the  brakes  are  quickly  applied. 

Law  II.  The  term  "motion"  as  here  used  by  Newton  embraces  all 
the  elements  that  go  to  make  up  the  motion  of  a  body,  and  hence  intro- 
duces both  mass  and  velocity,  or  what  is  called  Tvuomentum.  The 
momentum  of  a  body  is  measured  by  the  product  of  the  mass  M  of  the 
body  by  the  velocity  y,  or 

W 
momentum  =  3f  y  =  —  y.  (9) 

0 
It  is  sometimes  defined  as  the  quantity  of  motion  in  a  body.     It  Is 

not  a  force,  but  rather  the  measure  cf  the  effect  of  a  force  in  a  given 

time,  since  to  produce  velocity  in  a  mass  requires  time. 

The  second  part  of  this  law  states  that  the  motion  takes  place  In 
the  direction  in  which  the  force  acts.  From  this  follows  the  principle 
of  the  independence  of  motions,  that  when  two  or  more  forces  act  upon 
a  body  at  the  same  time,  each  produces  exactly  the  sam^e  effect  as 
though  it  acted  alone,  whether  the  body  be  originally  at  rest  or  in 
motion.  Thus,  if  a  person  threw  a  ball  due  north  from  the  roof  of  a 
house,  while  the  wind  is  blowing  from  the  west,  the  effect  of  the  throw 
in  the  northerly  direction  will  be  exactly  the  same  as  it  would  If  the 
air  were  quiet,  while  the  distance  that  the  ball  is  carried  to  the  east 
will  be  equal  to  the  distance  that  it  would  travel  in  the  same  time  if 
it  were  under  the  influence  of  the  wind  alone,  disregarding,  of  course, 
any  unequal  frictional  resistances  of  the  air.  Moreover,  as  the  ball 
leaves  the  hand,  it  will  gradually  drop  to  the  earth  under  the  influence 
of  gravity,  and  It  will  take  precisely  as  long  for  it  to  reach  the  ground 
as  it  would  if  it  had  been  simply  dropped  from  the  edge  of  the  roof. 
That  is  to  say,  the  effect  of  the  force  of  gravity  is  exactly  the  same  as 
though  it  acted  alone;  each  motion  goes  on  independently,  although 
the  position  of  the  ball  at  any  time  depends  upon  the  action  of  all  the 
forces  acting. 

Law  III.  We  have  seen,  under  the  subject  of  moments,  how  the 
supports  of  a  beam  react  with  a  force  equal  to  the  downward  pressure 
of  the  beam.  There  are  many  other  evident  Illustrations  of  this  law. 
A  ton  weight  hanging  on  a  crane  hook  exerts  a  downward  pull  of  2,000 
pounds,  and  the  reaction  of  the  hook  and  chain  is  also  2,000  pounds. 
When  a  horse  pulls  a  cart  there  is  the  reaction  of  the  load.  In  jump- 
ing from  a  boat  the  reaction  shoves  the  boat  away  from  the  shore. 
A  man  cannot  "lift  himself  by  his  boot  straps,"  because  the  downward 
push,  or  reaction,  is  equal  to  the  upward  pull. 
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Falling  Bodies. 

Under  the  influence  of  gravity  alone,  all  bodies  fall  to  the  earth  with 
the  same  velocity.  The  fact  that  heavy  bodies  actually  fall  more 
rapidly  than  those  of  less  weight  or  density,  as  would  be  observed  in 
the  dropping  of  a  stbne  aAd  a  leaf,  is  due  solely  to  the  greater  retard- 
ing effect  of  the  air  upon  the  latter.  Weight  does  not  affect  the  time 
of  fall.  Weight  is  the  measure  of  the  attractive  force  of  gravity,  and 
if  one  body  weighs  twice  as  much  as  another,  the  attraction  of  gravity 
upon  it  is  two  times  as  great  as  upon  the  lighter  body;  but  as  this 
force  must  accelerate  twice  as  great  a  mass  in.  the  former  body  as  in 
the  latter,  the  velocity  of  each  must  be  alike.  An  apparatus  used  to 
prove  this  consists  of  a  long  glass  tube  with  closed  ends,  arranged  so 
that  the  air  can  be  exhausted.  When  this  has  been  done,  it  is  found 
that  objects  of  varying  sizes  and  weights  will  fall  from  one  end  of  the 
tube  to  the  other  with  equal  rapidity. 

It  has  been  stated  before  that  in  the  vicinity  of  New  York  the 
acceleration  due  to  gravity  is  32.16  feet  per  second  in  a  second.  That 
is,  the  constant  increase  of  velocity  given  by  gravity  during  each  second 
is  32.16  feet  per  second.  For  convenience  we  will  call  it  32  feet  per 
second.  Supposing  a  body  to  be  dropped  from  such  a  height,  therefore, 
that  it  falls  during  an  Interval  of  five  seconds  its  velocity  at  the  end 
of  each  succeeding  second  will  be  as  follows: 

Feet  per 
second. 
Velocity  at  end  of  1st   seconds  32 

Velocity  at  end  of  2d     second  =    32  +  32=    64 
Velocity  pt  end  of  3d     second  =    64  +  32=    96 
Velocity  at  end  of  4th    second  =   96  +  32  =  128 
Velocity  at  end  cf  5th   second  =  128  +  32  =  160 
It  will  be  seen  that  the  results  32,  64,  96,  etc.,  may  be  obtained  by 
multiplying  the  number  of  Fe^onds  by  32,  tho  value  of  gravity.     Henc?, 
for  finding  the  velocity  at  the  end  of  any  se'ond,  we  have 

v  =  gt.  (10) 

In  this  and  succeeding  forn^iilas  for  failing  I  cdies  we  will  let 
t;  =  velocity  of  feet  per  second. 
<  =  tlme  in  seconds. 
g  =  acceleration  due  to  gravity. 
?i  =  height  in  feet. 
During  the  first  second  of  fall  the  velocity  at  the  start  is  0  and  at 
the  close  32  feet  per  second.    The  vican  velocity  is  16  feet  per  second. 
Hence,  the  space  traversed  during  this  second  Is  16  X  1  =  16  feet.     A 
body,  therefore,  falls  16  feet  during  the  first  second  of  motion. 

In  like  manner,  the  space  passed  through  during  the  second  second 
is  equal  to  the  mean  velocity  during  that  second,  multiplied  by  the 
time.  The  mean  velocity  Is  equal  to  the  sum  of  the  velocities  at  the 
beginning  and  end,  divided  by  the  two.  Hence,  by  the  aid  of  the  table 
above,  we  may  make  out  another  table  showing  the  distance  passed 
through  in  each  second.  Since  the  time  is  one  second,  or  unity,  the 
multiplication  by  this  factor  may  be  omitted. 
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Feet. 
During  Ist  second,  space  =:  16 

32  +64 

During  2d  second,  space  = =   48 

2 
64  +  96    • 

During  3d  second,  space  = =  80 

2 
96  H-  128 

During  4th  second,  space  = =  112 

2 
128  -f  160 

During  5th  second,  space  =  — : =  144 

2 
It  will  be  observed  that  48  =  3  X  16,  or  three  times  the  space  passed 
through  in  the  first  second.  Also,  80  =  5X16;  112  =  7X16;  and 
144  =::  9  X  16.  From  this  we  conclude  that  the  spaces  traversed  during 
each  succeeding  second  are  proportional  to  the  odd  numbers  1,  3,  5,  7, 
9,  11,  etc.,  which  is  a  useful  fact  to  remember. 

We  have  seen  that  a  body  falls  16  feet  the  first  second,  48  feet  the 
second,  80  feet  the  third,  and  so  on.    In  two  seconds,  therefore,  it  falls 
16  +  48  =  64    feet;    in   three  seconds,   16+48  +  80  =  144   feet,  and  so 
on.     But    64  =  16  X  4,    or    16  X  2",    and  .144  =  16  X  9,    or    16  X  3*,    the 
2  and  3  in  each  case  being  the  number  of  seconds  required  for  a  body 
to  fall  64  to  144  feet,  respectively.    And,  in  general,  the  space  that  a 
body  will  fall  in  a  given  time  is  equal  to  16  multiplied  by  the  square  of 
the  number  of  seconds.    Hence, 
At  the  end  of  2d  space  =  16  +  48  =  64  =  16  X  2*. 
At  the  end  of  3d  space  =  16  +  48  +  80  =  144  =  16  X  3*. 
At  the  end  of  4th  space  =  16  +  48  +  80  +  112  =  256  =  16  X  4\ 
At  the  end  of  5th  space  =  16  +  48  +  80  +  112  +  144  =  400  =  16  X  5«. 
The  factor  16  that  has  been  used  is  one-half  of  32,  the  acceleration 
due  to  gravity,  or  %  g.    Hence,  to  find  the  total  space  for  any  time, 
multiply  the  square  of  that  time  in  seconds  by  i,^  g.    Therefore, 

h=:V2  0t\  •  (11) 

Formulas  10  and  11  are  the  fundamental  formulas  for  falling  bodies. 
By  combining  them  algebraically,  we  may  obtain  as  an  expression  for 
velocity: 

v=  ^2gh  (12) 

F'rom  10  and  12  may  also  be  derived 


V       sj^gh  \  2h 

t  =  -= =  J (18) 

g  9-  9 

These  formulas  apply  to  retarded  motion  which  takes  place  when  a 
body  is  thrown  into  the  air,  as  well  as  to  the  accelerated  motion  pro- 
duced by  the  action  of  gravity  upon  a  falling  body.  Thus,  when  a  body 
is  thrown  upward  it  is  gradually  retarded  by  -the  same  amount  that  it 
is  accelerated  upon  its  return,  and  when  it  reaches  the  earth  again,  it 
has  the  same  velocity  that  it  had  .when  it  left  the  hand. 
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The  Pendulum. 

In  its  simplest  practical  form,  the  pendulum  consists  of  a  ball  of 
lead  or  other  heavy  material  suspended  by  a  fine  cord  or  wire.  For 
convenience,  this  may  be  called  a  simple  pendulum,  and  any  pendulum 
in  which  the  weight  is  not  so  concentrated,  is  a  covipound  pendulum. 
Strictly,  however,  a  true  simple  pendulum  is  merely  an  ideal  concep- 
tion— it  is  a  particle  of  matter  suspended  by  a  weightless  cord,  and 
capable  of  vibrating  without  friction,  while  any  pendulum  that  can  be 
actually  constructed  is  a  compound  pendulum. 

The  length  of  a  pendulum  Is  the  distance  from  the  point  of  suspen- 
sion to  a  point  lying  below  the  center  of  gravity,  called  the  center  of 
oscillation.  One  vibration  of  a  pendulum  consists  of  one  complete  beat 
one  way.  When  it  swings  back  and  forth  once,  two  vibrations  take 
place. 

Law  I.  When  the  arc  swung  through  is  small,  the  vibrations  occur 
in  equal  times,  irrespective  of  the  distance  passed  through.  Moreover, 
the  arc  may  vary  widely  in  length  without  materially  affecting  the 
time  of  vibration.  Thus,  a  pendulum  of  such  a  length  that  it  will 
vibrate  once  in  one  second,  when  its  arc  of  action  is  5  degrees,  would 
require  only  1/200  of  a  second  longer  to  vibrate  through  an  arc  of 
30  degrees. 

Lav)  II.  The  times  of  vibration  of  different  pendulums  are  propor- 
tional to  the  square  root  of  their  lengths.  Thus,  the  times  of  vibra- 
tions of  pendulums  1,  9  and  25  inches  long  would  be  proportional  to  the 
numbers  1,  3  and  5.  It  would  take  the  second  pendulum  three  times  as 
long  to  vibrate  as  the  first,  and  the  third  five  time^  as  long.  A  pendu- 
lum which  vibrates  once  in  four  seconds  must  be  four  times  as  long 
as  one  which  vibrates  in  two  seconds,  because  the  times  of  vibrations 
are  as  2:1,  and  these  must  be  proportional  to  the  square  roots  of 
the  lengths,  or  as  VT:  VT 

Law  III.  Time  of  vibration  varies  with  the  attraction  of  gravity, 
but  is  Independent  of  the  mass.  This  has  been  proved  by  swinging 
pendulums  of  different  kngths  in  various  localities  and  pendulums  of 
the  same  length,  but  of  different  materials,  at  the  same  place. 

Center  of  Oscillation. 

The  center  of  oscillation  of  a  pendulum  is  that  point  which  vibrates 
in  the  same  time  that  it  would  if  disconnected  from  all  remaining 
particles.  From  Law  II  it  is  clear  that  the  upper  part  of  a  pendulum 
tends  to  vibrate  faster  than  the  lower  part,  and  so  hasten  its  motion, 
while  the  lower  part  tends  to  vibrate  slower  and  thus  retard  the  motion 
of  the  whole.  Between  these  two  limits  is  the  center  of  oscillation, 
which  has  the  average  velocity  of  all  the  particles  of  the  pendulum, 
and  which  is  neither  quickened  nor  retarded  by  them.  It  vibrates  In 
the  same  time  that  it  would  if  it  were  a  particle  swinging  by  a 
weightless  cord,  as  in  the  simple  pendulum. 

It  may  make  it  clearer  to  state  that  the  center  of  oscillation  and 
center  of  percussion  of  a  body  are  at  the  same  point.  Hold  an  iron  bar 
in  the  hand  and  strike  an  anvil  a  sharp  blow  with  the  end  of  the  bar; 
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it  will  stiDg  the  hand.  Strike  the  anvil  again  with  that  part  of  the 
bar  which  is  near  the  hand,  and  the  effect  of  the  blow  will  again  be 
felt.  Now,  at  some  point  between  these  two  a  blow  may  be  delivered 
and  no  jerk  or  sting  will  be  experienced.  That  point  Is  the  center  of 
percussion^  which,  as  just  mentioned,  is  the  same  as  the  center  of 
oscillation.  In  the  case  of  a  bar  of  uniform  cross-section,  and  sus- 
I)€nded  at  one  end,  the  center  of  oscillation  lies  at  a  distance  of  two- 
thirds  of  the  length  of  the  rod  from  the  point  of  suspension. 

The  Compound  Pendulum. 

In  order  to  apply  the  three  laws  to  a  compound  pendulum,  it  is 
necessary  to  determine  its  length,  which,  according  to  the  definition 
previously  given,  is  the  distance  from  its  point  of  suspension  to  its 
center  of  oscillation.  This  done,  it  may  be  considered  as  a  simple 
pendulum  having  the  same  length,  for  any  simple  pendulum  of  a  given 
length  will  vibrate  in  the  same  time  that  a  compound  pendulum  of  the 
same  length  will  vibrate. 

It  is  important,  therefore,  to  be  able  to  locate  the  center  of  oscillation. 
This  may  be  done  by  trial.  The  point  of  suspension  and  center  of 
oscillation  of  a  pendulum  are  mutually  controvertible.  If,  therefore,  a 
pendulum  be  inverted  and  another  point  of  suspension  found  about 
which  it  will  vibrate  in  the  same  time  as  before,  this  point  will  be  the 
position  of  the  first  center  of  oscillation,  and  its  distance  from  the 
first  point  of  suspension  can  be  measured. 

Time  of  Vibration. 
The  time  of  vibration  of  a  pendulum  is  found  by  the  formula 

t  =  3.1416     I—  (14) 


sl7 


where  t  =  time  in  seconds. 
I  =  length  in  feet 
(7  =  acceleration  due  to  gravity. 
In  the  vicinity  of  New  York,  for  i  =  l,  /:=39.1  inches,  or  the  length 
of  the  seconds  pendulum  is  39.1  inches. 

Enerfiry. 

An  agent  is  said  to  possess  energy  when  it  has  the  capacity  of  doing 
work — that  is,  of  overcoming  a  resistance  through  a  distance.  In 
general,  energy  is  something  that  is  given  to  a  body  by  doing  work 
upon  it,  as  when  a  weight  is  raised  or  is  given  a  rapid  motion,  or  when 
a  spring  is  compressed;  the  energy,  in  turn,  is  given  out  when  the  body 
itself  performs  work.  Energy  is  therefore  sometimes  defined  as  stored 
work.  It  is  expressed  in  foot-pounds,  the  same  unit  that  is  used  to 
express  work. 

Energy  is  either  potential  or  kinetic. 

(a)  Potential  energy  is  the  power  of  doing  work  possessed  by  a  body 
in  virtue  of  its  position  or  condition.  If  a  body  be  so  situated  that  it 
is  acted  upon  by  a  force  which  will  produce  motion  in  it  upon  the 
removal  of  some  restraining  force,  it  is  said  to  have  potential  energy. 
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Thus,  a  ball  saspended  by  a  string  has  the  power  of  doing  work, 
because,  when  the  cord  is  cut,  the  ball  will  fall  and  will  be  capable  of 
overcoming  a  resistance  through  a  distance,  the  amount  of  the  work 
depending  upon  the  weight  of  the  ball  and  the  extent  of  the  fall.  A 
compressed  spring  and  a  head  of  water  also  have  the  capacity  of  doing 
work  and  are  stored  with  potential  energy. 

The  potential  energy  in  any  case  is  equal  to  the  product  of  the  force 
tending  to  produce  motion,  and  the  distance  through  which  the  body  is 
able  to  move.  If  the  suspended  ball  should  weigh  10  pounds  and  hang 
25  feet  from  the  ground,  it  would  possess  250  foot-pounds  of  energy. 
The  force  acting  is  here  equal  to  the  weight,  or  10  pounds,  and  to  raise 
the  ball  to  its  suspended  position  would  require  an  expenditure  of 
10  X  25  =  250  foot-pounds  of  work,  and  when  it  falls  it  can  give  out 
Just  this  amount  of  energy,  which  has  been  stored  within  it. 

(6)  Kinetic  energy  is  the  power  of  doing  work  i)ossessed  by  a  body 
In  virtue  of  Its  motion.  A  moving  railroad  train,  a  fly-wheel,  a  cur- 
rent of  air  driving  a  wind-mill,  a  falling  body,  all  possess  kinetic 
energy.  The  kinetic  energy  of  a  body  is  obtained  by  inultiplying  one- 
half  its  mass  by  the  square  of  its  velocity  in  feet  per  second.    Or, 

J2r  =  %lft;"  (15) 

where  J2?  =  energy  in  foot-pounds,  If  =  mass,  and  v  =  velocity  in  feet 
per  second.  The  value  of  mass,  we  have  already  seen,  is  obtained  by 
dividing  the  weight  of  a  body  by  32.16,  the  acceleration  due  to  grav- 
ity, or 

3f= 

32.16 
W 

Hence  we  may  write in  formula  (15),  giving 

32.16 

Wi;*  Wi;*        Wt7» 

J?r  =  %X = = .  (16) 

32.16  64.32  2g 

It  will  be  shown,  shortly,  how  this  formula  is  obtained. 

Conservation  of  Energy. 

Energy  exists  in  various  forms,  such  as  mechanical,  molecular,  and 
chemical.  It  is  stored  in  all  kinds  of  fuel,  and  is  made  apparent  by 
chemical  reactions,  by  muscular  effort,  and  by  many  other  means. 
There  is  the  potential  energy  of  the  electrical  charge  and  the  kinetic 
energy  of  the  electrical  current.  Heat  is  a  form  of  energy.  In  the 
present  instance,  we  are  concerned  with  these  different  kinds,  other 
than  mechanical,  only  in  that  the  universal  and  important  law  of  the 
conservation  of  energy  embraces  them  all.  This  law  states,  first,  that 
energy  may  be  transformed  directly  or  indirectly  from  any  one  form 
to  any  other  form;  and  second,  that,  however  energy  may  be  trans- 
formed or  dissipated,  the  total  amount  of  energy  must  forever  remain 
the  same.  Energy  can  neither  be  created  nor  destroyed.  It  simply 
exists,  and  the  various  processes  by  which  it  is  utilized  are  simply 
means  for  transforming  it  from  one  form  to  another.  The  steam 
engine  changes  heat  energy  into  mechanical  energy,  and  the  percussion 
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of  a  bullet  against  a  rock  converts  mechanical  Into  heat  energy  and 
melts  the  bullet.  A  body  just  at  the  point  of  falling  from  an  elevation 
has  a  store  of  potential  energy.  As  it  falls  it  loses  potential  energy, 
but  its  velocity  increases  and  its  potential  energy  is  gradually  changed 
into  kinetic  energy.    This  will  be  illustrated  by  an  example. 

Suppose  a  body  weighing  100  pounds,  a  cannon  ball,  for  example,  to 
be  so  situated  that  it  has  no  store  of  i)otential  energy,  and  that  it  is 
shot  vertically  upwards  with  a  velocity  of  1,500  feet  per  second.    From 
formula  (16)  we  find  its  kinetic  energy  at  the  start  to  be 
100  X  (1,500)« 

E  = =  3.498,100  foot-pounds. 

64.32 
This  results  from  the  potential,  chemical  energy  of  the  gunpowder, 
part  of  which  has  gone  to  produce  heat  and  sound.  As  the  ball  rises, 
it  does  work  against  gravity,  and  also  overcomes  the  frictlonal  resist- 
ance of  the  air,  the  latter  generating  heat.  When  the  ball  is  two  miles 
high,  its  potential  energy  is  equal  to  100  X  2  X  5,280=  1,056,000  foot- 
pounds, and  neglecting  the  frictlonal  loss,  its  remaining  kinetic  energy 
is  3,498,100  —  1,056,000  =  2,442,100  foot  pounds.  At  the  highest  point 
reached  the  kinetic  energy  is  entirely  spent  and  the  ball  has  its  great- 
est store  of  potential  energy.  Could  this  be  gathered  together  with 
the  energy  required  for  producing  the  heat  and  sound,  it  would  exactly 
equal  the  amount  of  energy  originally  produced  by  the  powder.  As 
the  ball  drops  to  the  earth  again,  its  potential  is  changed  back  to 
kinetic  energy,  and  when  it  reaches  the  ground  it  has  the  sanie  velocity, 
and  hence  the  same  amount  of  kinetic  energy  as  when  it  left  the  gun, 
excepting  the  loss  through  friction. 

We  are  now  in  a  position  to  understand  the  derivation  of  formulas 
15  and  16. 

The  potential  energy  of  a  body  of  weight  W  and  at  a  height  h  is 
equal  to  W  7i,  or 

E:=iWn  (17) 

But,  from  the  law  of  the  conservation  of  energy,  the  kinetic  energy 
of  the  body  in  falling  from  the  height  h  has  the  same  value.  Hence, 
formula  (16)  may  be  used  for  kinetic  energy,  provided  an  expression 
for  velocity  can  be  introduced  into  it.  From  formula  (12)  may  be 
obtained  the  expression 

"    2flr 
and  writing  this  for  h  in  (17),  we  get 

v«         Wt?" 

J&  =  WX = , 

2g         2(7 
which  is  the  same  as  before. 

In  examples  involving  the  transformation  of  energy  and  its  conver- 
sion into  work,  it  should  be  remembered  that  work  is  done  only  when 
a  resistance  is  overcome.  A  freely  falling  body  is  stored  with  energy, 
but  is  does  no  work  until  it  meets  with  a  resistance.  The  law  of  the 
energy  stored  in  bodies  is  one  of  the  most  important  ones  in  applied 
mechanics,  particularly  in  hydraulics. 
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Rotatincr  Bodies. 

When  a  body  revolyes  about  an  axis,  the  particles  at  different  dis- 
tances from  the  center  have  different  velocities,  and  hence  different 
amounts  of  kinetic  energy.  For  any  such  body,  however,  there  Is  a 
mean  radius  of  rotation,  which  is  of  such  a  length  that  if  the  whole 
mass  of  the  body  could  be  concentrated  at  the  circumference  of  a  cir- 
cle having  this  radius,  and  rotated  at  the  same  speed  as  before,  the 
same  amount  of  kinetic  energy  would  be  developed.  This  mean  radius 
is  called  the  radius  of  gyration.  For  a  solid,  cylindrical  body,  like  a 
disk  or  an  emery-wheel,  the  radius  of  gyration  is  equal  to  the  radius 
of  the  disk  divided  by  V2.  For  a  fly-wheel  rim,  It  is  sufficiently  accu- 
rate to  assume  It  to  be  the  distance  from  the  center  to  a  point  half- 
way between  the  outer  and  inner  edges  of  the  rim. 

The  object  of  the  fly-wheel  is  to  store  up  energy  when  the  machine 

to  which  it  is  attached  accelerates,  or  speeds  up,  and  to  give  out  energy 

when  the  motion  is  retarded.    This  acceleration  or  retardation  may  be 

doe  either  to  a  fluctuation  of  the  load  or  to  a  change  in  the  applied 

energy. 

Force  of  a  Blow. 

It  will  be  remembered  that  the  principle  of  work,  as  applied  to 
machines,  teaches  that,  neglecting  frictional  or  other  losses,  the  work 
put  into  a  machine  equals  the  work  done  by  the  machine.  This  is 
merely  a  special  case  of  the  principle  of  the  conservation  of  energy, 
and  It  can  be  used  to  find  the  force  of  the  blow  delivered  by  a  hammer 
or  a  falling  body.  The  work  put  in  by  the  energy  of  a  hammer  at  the 
instant  of  striking  equals  the  work  done  in  compressing  or  penetrating 
the  material  operated  upon,  and  is  equal  to  the  resistance  offered  by 
the  material,  multiplied  by  the  amount  of  this  penetration. 

It  is  clear  that  the  resistance  offered  to  the  blow  at  any  instant  is 
equal  to  the  force  of  the  blow  at  that  instant,  and  hence  the  work  done 
equals  the  force  of  the  blow  multiplied  by  the  amount  of  the  penetra- 
tion. It  appears  from  this,  moreover,  that  the  force  of  a  blow  varies 
with  the  degree  of  penetration.  Thus,  suppose  the  energy  of  the  'first 
blow  of  a  pile  driver  to  be  10,000  foot-pounds,  and  that  the  pile  sinks 
into  the  ground  a  distance  of  two  feet.  Before  the  ram  can  be  brought 
to  rest  it  must  do  10,000  foot-pounds  of  work,  and  hence  the  average 
force  acting  must  be  5,000  pounds;  for  5,000  (the  force  acting)  times  2 
(the  distance  through  which  it  acts)  equals  10,000  (the  available  foot- 
pounds of  energy).  At  the  second  stroke,  suppose  the  ram  to  deliver 
10,000  foot-pounds  of  energy  and  the  pile  to  sink  one  foot.  Again  the 
work  done  must  equal  the  force  times  the  distance,  or  .in  this  case 
10,000  X  1;  that  Is,  the  force  of  the  blow  is  twice  as  great  as  before. 
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MACHINERY'S  REFERENCE  SERIES. 


This  series  has  been  planned  to  thoroughly  cover  the  whole  field  of 
mechanical  practice;  yet  each  pamphlet  will  be  complete  in  itself,  and 
may  be  purchased  separately.  It  is  the  purpose  of  this  important 
series  to  greatly  extend  the  work  Machinebt  does;  to  give  coherence, 
permanence  and  practical  usefulness  to  a  mass  of  exceedingly  valuable 
but  unorganized  material  not  generally  available,  and  to  amplify  this 
material  wherever  necessary.  It  will  place  within  the  reach  of  every 
reader,  from  the  apprentice  to  the  master  mechanic,  the  best  that  has 
been  published,  selected  because  it  is  the  best,  collected,  condensed  and 
revised  by  men  well  equipped  for  the  work  by  mechanical  as  well  as 
editorial  experience;  the  whole  being  classified  and  arranged  in  accord- 
ance with  a  well-considered  plan  adapted  to  the  practical  needs  of  the 
drafting  room,  the  machine  shop,  and  the  engineering  office.  These 
pamphlets  will  be  sold  at  a  price  so  low  that  any  draftsman,  machinist, 
or  apprentice  can  begin  at  once  to  build  for  himself  a  complete  refer- 
ence file,  selecting  as  he  goes  along  only  those  subjects  likely  to  be 
of  the  most  direct  and  immediate  value  to  him;  or  building,  if  he 
pleases,  on  a  broader  plan  a  complete  working  library  of  compact, 
convenient  and  inexpensive  units. 

Men  in  the  mechanical  field  are  now  nearly  all  specialists,  and 
Maohinebt's  Reference  Series  is  to  be  a  practical  file  for  specialists. 
Those  who  have  the  time  and  the  inclination  to  range  over  the  whole 
field  of  mechanical  knowledge  can  buy  the  complete  series,  taking  the 
pamphlets  as  issued;  but  the  offers  which  follow  are  purposely  ar- 
ranged to  suit  the  needs  and  the  purses  of  the  great  majority.  They 
are  planned  to  allow  each  to  secure  exactly  what  he  wants,  as  near  as 
may  be,  just  when  he  wants  it,  at  a  price  anyone  can  afford.  For 
example:  a  draftsman  or  a  machinist  who  wants  to  post  up  thoroughly 
on  Worm  Gearing  can  buy  just  that,  for  twenty-five  cents,  and  will 
know  that  he  is  getting,  in  condensed  form,  the  very  best  Information 
on  the  subject  that  it  is  possible  to  obtain — ^because  the  best  writers 
send  their  contributions  to  Machinebt. 

Under  the  following  offers  you  can  start  your  reference  file  with 
one  pamphlet,  for  twenty-five  cents,  if  you  are  a  auhscriher  for 
Machineby;  or  with  one  dollar,  if  you  are  not  a  subscriber — ^the  dollar 
paying  for  your  subscription  and  the  reference  pamphlet  you  select. 
A  subscriber  for  Machinebt  can  buy  as  many  pamphlets  as  he  pleases, 
at  any  time,  by  paying  at  the  rate  of  twenty-five  cents  for  each  pamph- 
let; or  by  renewing  or  extending  the  term  of  his  subscription,  he  can 
secure  from  one  to  ten  of  the  pamphlets  without  cost,  in  accordance 
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with  the  offers — selecting  exactly  what  he  wlants;  but  not  more  than 
two  copies  of  one  title  will  be  sent  to  one  subscriber.  New  subscribers 
can  do  the  same — ^the  offers  are  open  to  everyone  who  sends  his  sub- 
scription, and  on  exactly  the  same  terms. 

THB  OFFBBS. 

The  regular  yearly  subscription  rates  for  Machinebt  are  as  follows: 
Engineering  Edition,  $2.00;  Shop  Edition,  $1.00;  Railway  Machinery, 
$2.00;  Foreign  Edition,  $3.00. 

We  will  send  you  1  Pamphlet,  your  own  selection,  and  Machinebt, 
Shop  Edition,  one  year,  for $1.00 

We  will  send  you  2  Pamphlets,  your  own  selection,  and  Machin- 
ebt, Engineering  Edition,  one  year,  for 2.00 

We  will  send  you  7  Pamphlets,  your  own  selection,  and  Machin- 
ebt, Engineering  Edition,  one  year,  for 3.00 

We  will  send  you  4  Pamphlets,  your  own  selection,  and  Machin- 
ebt, Engineering  Edition,  two  years,  for 4.00 

We  will  send  you  10  Pamphlets,  your  own  selection,  and  Machin- 
ebt, Engineering  Edition,  two  years,  for 5.00 

We  will  send  you  6  Pamphlets,  your  own  selection,  and  Machin- 
ebt, Engineering  Edition,  three  years,  for 6.00 

We  will  send  you  16  Pamphlets,  your  own  selection,  and  Machin- 
ebt, Engineering  Edition,  three  years,  for 8.00 

We  will  send  you  26  Pamphlets,  your  own  selection,  and  Machin- 
ebt, Engineering  Edition,  three  years,  for 10.00 

Subscribers  for  Railwat  Machinebt  (the  railway  edition  of  Machin- 
ebt )  and  for  the  Foreign  Edition  receive  the  same  benefits  as  sub- 
scribers for  the  Shop  and  Engineering  Editions,  by  entering  or  extend- 
ing their  subscriptions  for  the  time  specified  in  the  foregoing.  The 
Shop  Edition  is  not  sent  to  foreign  countries. 

Anyone  can  secure  Machinebt's  Reference  Series  for  himself,  with- 
out expense,  by  organizing  a  club  of  subscribers  among  his  acquaint- 
ances. We  shall  be  glad  to  send  full  particulars  on  receipt  of  a  post 
card. 

The  Industrial  Press,  Publishers  of  Machinery, 
49-55  Lafayette  Street,  New  York  City,  U.  S.  A. 
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No.  10.  Examples  of  Machine  Shop  Practice. — Three  chapters  on  Cut- 
ting Bevel  Gears  with  a  Rotary  Cutter,  Spindle  Construction,  and  the  Making 
of  a  Worm-Gear.  The  descriptions  of  the  operations  are  profusely  illustrated, 
demonstrating  the  value  of  the  camera  for  telling  the  story  of  machine  shop 
work,  and  for  graphic  instructions  in  the  methods  of  machine  shop  practice. 

No.  11.  Bearings. — Design  of  Bearings,  Hot  Bearings,  Oil  Grooves  and 
Fitting  of  Bearings,  Lubrication  and  Lubricants,  and  Ball  Bearings. 

No.  12.  Mathematical  Principles  of  Machine  Design. — The  matter  pre- 
sented is  almost  entirely  the  work  of  Mr.  C.  F.  Blake,  a  name  very  familiar  to 
the  readers  of  Machinery.  Draftsmen  and  designers  will  find  the  chapters  on 
the  Efficiency  of  Mechanisms  and  Notes  on  Design  full  of  valuable  suggestions. 

No.  13.  Blanking  Dies. — Contains  chapters  dealing  with  Blanking  Dies  in 
general,  the  Design  of  Dies  for  Cutting  Stock  Economically,  Split  Dies,  and 
General  Notes  on  Die  Making. 

No.  14.  Details  of  Machine  Tool  Deskjn. — Contains  chapters  on  the  deter- 
mination of  the  Diameters  of  Cone  Pulleys^  the  Relation  between  Cone  Pulleys 
and  Belts,  the  Strength  of  Countershafts,  and  Tumbler  Gear  Design. 

No.  15.  Spur  Gearing. — Contains  chapters  on  the  First  Principles  of  the 
Action  of  Gears,  the  Arithmetic  of  Spur  Gearing,  Formulas  for  the  Strength  of 
Gear  Teeth,  and  the  Variation  of  the  Strength  of  Gear  Teeth  with  the  Velocity. 

No.  16.  Machine  Tool  Drives. — Contains  chapters  on  the  Speeds  and 
Feeds  of  Machine  Tools;  Machine  Tool  Drivest  Single  Pulley  Drives;  and 
Drives  for  High  Speed  Cutting  Tools. 

No.  17.  Strength  of  Cylinders. — Deals  with  the  subject  of  strength  of 
cylinders  against  internal  hydraulic  or  steam  pressure.  Formulas,  tables  and 
diagrams  are  given  to  facilitate  the  design  of  such  cylinders. 

No.  18.  Arithmetic  for  the  Machinist. — Among  the  various  subjects 
treated  are  the  following:  The  Figuring  of  Change  Gears;  Indexing  Movements 
for  the  Milling  Machine;  Diameters  of  Forming  Tools;  and  the  Turning  of 
Tapens.     Simple  directions  are  given  for  the  use  of  tables  of  sines  and  tangents. 

No.  19.  Use  of  Forml^.as  in  Mechanics. — This  pamphlet  is  adapted  for  the 
man  who  lacks  a  fundamental  knowledge  of  mathematics.  It  opens  with  a 
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the  use  of  formulas  and  their  application  to  general  mechanical  subjects. 
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Calculating  Designs. 
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CHAPTER   I. 


PRINCIPIiBS  OP  PUNCH  AND  DIB    WORK. 

Under  the  head  of  punch  and  die  work  is  generally  included  all  the 
various  tools  used  in  blanking  pieces  from  commercial  stock;  bending 
stock  to  shape;  drawing  out  articles  from  sheet  stock;  and  all  the 
different  operations  performed  with  punching,  drawing  and  forming 
presses.  The  most  common  forms  of  tools  to  be  considered  are  the 
dies  used  for  blanking  articles  from  sheet  stock,  called  blanking  dies. 

Blanking  Dies. 

A  set  of  blanking  dies  consists  of  a  male  die,  or  punch,  as  it  is 
generally  termed,  and  a  female  die,  or  die  block.  These  terms  are 
generally  abbreviated  and  the  set  is  called  a  punch  and  die.  Blanking 
dies  are  generally  considered  as  belonging  to  one  of  three  classes: 
First,  plain  (or  simple)  dies;  second,  gang  dies;  and  third,  compound 
dies. 

When  punches  and  dies  are  used  in  a  punch-press,  and  are  to  con- 
stitute a  part  of  the  regular  equipment  of  the  shop,  they  are  held  in 
suitable  permanent  fixtures.  Dies  are  held  in  position  on  the  bed  of 
the  press  by  means  of  a  "holdfast,"  the  name  of  which  differs  in 
different  shops.  Some  of  the  more  common  names  are  chair,  chuck, 
bolster,  and  die  holder.  Dies  large  enough  to  warrant  it  are  clamped 
to  the  bed  of  the  press,  thus  doing  away  with  the  necessity  for  hold- 
ers. Dies  are  fastened  in  place  in  the  die  holder  by  several  methods, 
the  most  common  of  which  is  by  means  of  screws,  as  shown  in  Fig.  1, 
in  which  a  is  the  die  and  h  the  holder.  Having  screws  on  both  sides, 
it  is  an  easy  matter  to  adjust  the  die,  loosening  the  screws  on  one 
side,  and  forcing  it  over  by  those  on  the  opposite  side. 

When  the  die  is  small,  it  is  generally  held  in  a  shoe,  as  shown  in 
Fig.  2.  The  manner  of  fastening  the  die  in  the  shoe  usually  depends 
on  the  designer.  In  some  shops  the  shoe  is  dovetailed  as  shown,  the 
angle  being  from  10  degrees  to  15  degrees  less  than  a  right  angle;  the 
slot  is  made  somewhat  tapering.  The  die  is  given  a  corresponding  taper 
and  angle  on  its  sides,  and,  to  fasten  in  position,  it  is  driven  securely 
in  place.  The  amount  of  taper  given  the  slot  in  the  shoe  must  not  be 
great,  or  the  die  will  jar  loose  when  in  use.  A  taper  of  one-half  inch 
per  foot  of  length  answers  nicely.  In  other  shops  the  shoe  is  made 
with  a  groove,  as  described  above,  only  it  is  from  %  to  %-Inch  wider 
than  the  dies,  which  are  held  in  place  by  means  of  a  taper  key  or 
wedge,  as  shown  in  Fig.  3.  When  making  this  form  it  is  necessary 
to  make  the  dies  of  equal  width  on  their  ends.  This  method  does  not 
require  so  great  a  degree  of  accuracy  when  machining  the  die  block. 
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A  third  method  consists  in  making  a  shoe  having  the  back  of  the  slot 
planed  at  the  angle  mentioned,  while  the  front  wall  is  made  square 
with  the  bottom,  the  die  being  held  with  setscrews,  as  shown  in  Fig.  4. 
If  this  form  is  used,  care  must  be  exercised  when  laying  out  the  screw 
holes,  so  that  they  do  not  come  in  line  with  the  screws  in  the  bolster 
when  the  shoe  is  in  its  proper  place;  and,  again,  the  screws  must  not 
press  on  any  portion  of  the  die  immediately  in  line  with  the  opening, 
or  it  will  be  closed  somewhat  when  pressure  is  applied  to  the  screws. 
Fig.  4  shows  the  screws  pressing  on  the  solid  portion  of  the  die. 
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Flf  s.  1  to  4.    Various  Methods  of  Holdlnir  Work. 

Dies  which  are  fastened  in  bolsters  without  using  a  shoe  must  have 
their  sides  machined  at  an  angle,  as  in  Fig.  1,  to  prevent  them  lifting 
from  the  strain  incident  to  removing  the  punch  when  it  has  pierced 
the  stock.  The  angl^  should  be  from  10  degrees  to  15  degrees,  some 
mechanics  claiming  best  results  with  20  degrees.  The  latter,  however, 
seems  greater  than  there  is  any  necessity  for  on  ordinary  work. 

Kind  of  Steel  Used  for  Die  Work. 
For  most  work  the  stock  used  In  making  punches  and  dies  should 
be  a  good  quality  of  tool  steel.    A  die  that  has  cost  from  5  dollars  to 
100  dollars  for  labor  is  as  liable  to  crack  when  hardening  as  though 
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the  same  steel  had  been  made  into  any  other  form  of  tool;  and  in 
fact  its  shape  and  irregular  thickness  of  stock  at  various  points, 
together  with  numerous  sharp  corners  that  are  liable  to  be  present, 
make  a  tool  that  requires  extreme  care  in  handling  when  hardening. 
A  good  grade  of  tool  steel,  free  from  harmful  impurities,  is  less  liable 
to  crack  than  an  inferior  grade,  and  the  slight  difference  in  cost  is 
offset  many  times  by  the  cost  of  labor  in  the  die  construction.  This 
does  not  necessarily  mean  that  a  high^riced  steel  must  be  used  for  this 
class  of  work;  simply  a  good  quality  of  steel,  low  in  percentage  of 
those  impurities  which  cause  trouble  when  the  steel  is  hardened.  When 
we  speak  of  good,  reliable  steels,  we  do  not  necessarily  mean  high- 
priced  steel. 

If  best  results  are  desired  when  hardening,  the  steel  should  be 
annealed  after  the  outer  surface  of  the  piece  has  been  removed  and 
the  opening  blocked  out  somewhere  near  to  shape. 

In  all  shop  operations  true  economy  should  always  be  practiced,  and 
many  times  this  may  be  done  by  a  saving  of  tool  steel.     If  a  die  is 


Fig.  6. 


Fig.  7 


Plir*  <$•    Oast  Iron  Body  Di«,  used       Plir>*  O  >nd  7.   Method  of  Ramovlnff 
with  Tool  Steel  Bashings  the  Scock  In  a  Solid  Die. 

like  Fig.  5,  a  saving  may  be  effected  by  making  the  body  of  cast  iron 
and  inserting  bushings  of  tool  steel;  and  if  we  wish  at  any  time  to 
make  a  new  die,  we  simply  make  the  bushings,  and  if  ordinary  care 
is  taken  the  holes  will  be  concentric  and  consequently  the  proper 
distance  apart,  so  there  will  be  no  necessity  of  altering  the  location 
of  the  punches,  as  might  be  the  case  if  a  die  made  of  a  solid  piece  was 
hardened. 

General  Principles  of  Die  MeUdng. 

When  a  number  of  dies  are  to  be  made  to  fit  the  same  holder,  they 
may  be  planed  to  size  in  the  bar  and  then  cut  apart  by  means  of  the 
cold-sawing  machine.  It  will  be  necessary  to  plane  again  the  side  of 
dies  that  must  fit  a  shoe  of  the  style  shown  In  Fig.  2,  as  one  end  must 
be  wider  than  the  other.  This  may  be  effected  very  readily  by  having 
a  strip  of  cast  iron  planed  to  the  proper  taper  to  place  the  die  on  when 
planing  or  milling.  The  face  of  the  die  must  be  smooth  in  order 
that  the  outline  traced  on  it  may  closely  correspond  to  the  templet 
If  the  surface  is  a  succession  of  ridges,  the  scriber  will  not  closely 
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follow  the  edges  of  the  pattern,  and  the  figure  traced  will  be  larger 
than  desired.  After  the  face  has  been  made  smooth  by  planing,  grind- 
ing or  filing,  the  surface  may  be  coated  with  blue  vitriol  solution, 
or  it  may  be  heated  until  it  assumes  a  distinct  straw  or  blue  Qolor, 
and  the  outline  of  the  piece  to  be  punched  laid  out. 

If  the  die  is  what  is  known  as  a  solid  die,  that  is,  made  from  one 
piece  of  stock,  it  may  be  laid  ofC  and  prick-punched  as  in  Fig.  6,  after 
which  holes  may  be  drilled,  leaving  the  face  of  the  die  as  in  Pig.  7, 


Maehi-urg,  S.T. 

Flff.  8.    Die  Milllnff  ICaotaine. 

after  which  the  core  may  be  removed.  When  drilling  for  the  opening, 
first  drill  any  portions  which  are  to  be  left  circular  or  semi-circular 
in  shape.  These  are  then  reamed  from  the  opposite  side  with  a  taper 
reamer  that  will  give  the  desired  amount  of  clearance.  When  drilling 
to  remove  the  core  mentioned,  some  tool-makers  use  drills  of  sizes 
that  break  into  the  next  hole.  After  drilling  all  way  round,  the  core 
drops  out  of  its  own  accord.  If  this  method  is  adopted,  best  results 
follow  the  use  of  the  straight-fluted  drill.  Fig.  9.  Others  drill  with 
drills  of  the  size  of  the  pilot  of  a  counterbore,  and  after  drilling  all 
the  holes,  the  counterbore  is  run  through.    Of  course,  it  is  understood 
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that  in  laying  off  for  the  holes,  they  are  located  so  that  the  counter- 
bore  breaks  into  the  next  hole.  A  third  method  consists  of  laying  off  and 
drilling  holes  so  there  is  a  little  stock  between  the  holes  after  drilling, 
which  is  broken  out  by  means  of  a  drift  driven  in  from  each  side 
until  the  cuts  meet  In  this  way  the  stock  is  cut  away  and  the  core 
removed. 

After  taking  out  the  core,  the  die  may  be  placed  in  a  die  milling 
machine,  or  a  die  sinking  machine,  and  by  the  use  of  a  tapered  milling 
cutter  the  stock  may  be  removed  and  the  desired  angle  of  clearance 
given  the  walls  of  the  hole.  The  angle  of  clearance  necessary  for  best 
results  cannot  be  arbitrarily  stated,  but  varies  according  to  the  char- 
acter of  the  work  to  be  done  with  the  die.  In  the  absence  of  either 
of  the  milling  machines  mentioned,  a  universal  or  a  hand  miller  may 
be  used.  There  are  various  slotting  devices  which  may  be  attached 
to  universal  milling  machines  which  are  used  advantageously  on  work 


Fig.  9 
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Fig.  11 
Flffs.  9,  ID  and  11.    Tools  noed  in  Die  Maldnff  Maohlnes. 

of  this  character.  During  the  past  few  years  several  vertical  filing 
machines  have  been  placed  on  the  market  which  are  recommended 
highly  for  the  purpose  of  working  the  openings  of  dies  to  shape.  If  a 
die  milling  machine.  Fig.  8,  is  used,  the  form  of  taper  milling  cutter 
shown  in  Fig.  10  is  employed.  As  the  milling  cutter  is  driven  by  a 
spindle  beneath  the  die,  the  cutting  portion  extending  up  through 
the  opening,  with  the  face  of  the  die  uppermost,  the  small  part  of  the 
cutting  portion  should  be  at  the  end  of  the  cutter.  If  a  die-sinking 
machine.  Fig.  12,  is  used,  a  cutter  like  Fig.  11  is  employed.  After 
working  the  opening  to  shape  and  size  as  nearly  as  possible  with  the 
milling  cutter,  it  may  be  finished  by  filing. 

Clearance. 
When  finishing  the  opening  to  shape  and  size  it  is  necessary  to  get 
the  desired  clearance  and  to  have  the  walls  of  the  opening  straight,  as 
at  a  a  in  Fig.  13,  rather  than  rounding  as  represented  at  a  a  in  Fig.  14*. 
The  amount  of  clearance  differs  for  various  work  and  ranges  from 
one-quarter  to  three  degrees.  The  greater  amount  is  seldom  given 
unless  it  is  necessary  that  the  blank  fall  from  the  die  each  time  one 
is  punched.  Another  instance  where  it  is  desirable  to  give  excessive 
clearance  is  where  a  punch  with  a  crowning  face,  as  in  Fig.  15,  is 
used  for  punching  stifC  stock. 


Digitized  by 


Google 


8 


PUNCH   AND   DIE    WORK 


When  a  milling  machine  with  a  slotting  attachment,  Fig.  17,  is  used, 
sharp  comers  may  be  cut  to  the  line,  as  may  certain  irregular  sur- 
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Fig,  13 


Fig.  14 


Fig.  15 


jfiMUiwni  *r.    pjg  ,Q 


Fiffs.  18  and  14.    Oorreot  and  Inoorreot  Relief.  Flff .  15.    Punch  Oro-wned  for  BtSff Stock. 
Piir.  16.   Templet  tor  Qaglng  Relief. 

faces  which  could  not  be  shaped  with  milling  cutters.     Of  course,  It 
would  be  necessary  to   have   cutting  tools   of   the   proper   shape   to 
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machine  the  forms  mentioned,  the  advisability  of  making  which  would 
depend  on  whether  it  would  be  cheaper  to  make  the  necessary  tools 
and  to  do  the  machining*  or  file  to  the  desired  shape.  A  fixture  known 
as  a  die  shaper,  whose  action  resembles  the  slotting  device  described 
above,  is  made  to  attach  to  a  milling  machine  and  works  the  same 
as  the  other  attachment. 

In  order  to  gage  the  angle  of  clearance  it  is  advisable  to  have  angle 
gages.  Several  of  these  may  be  made  and  kept  in  the  tool  chest  and 
should  be  of  the  more  common  angles  used.  They  may  be  of  the 
form  shown  in  F^g.  16,  with  the  angle  stamped  o;i  the  heavier  portion. 

Shear  of  Punches  and  Dies. 

The  cutting  faces  of  dies  are  given  shear  for  the  same  reason  that 
the  teeth  of  milling  machine  cutters  are  cut  helical  or  spiral.  The 
shear  makes  it  possible  to  cut  the  blank  from  the  sheet  with  less 
expenditure  of  power;  it  also  reduces  the  strain  on  the  die  and  punch. 
While  it  is  customary  to  shear  the  face  of  the  die  when  possible, 
there  are  instances  when  it  is  advisable  to  leave  the  face  of  the  die 
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which  the  Punch  Shoald  be  Flff .  19.    A  Oaaa  where  the  Shear  Should  be 

ProTlded  with  Shear.  on  the  Die. 

flat  and  shear  the  punch.  The  shear  is  given  to  the  punch  when  the 
stock  around  the  hole  is  the  desired  product  and  the  stock  removed  is 
scrap,  as  in  Fig.  18.  The  face  of  die  is  sheared  when  the  portion 
pressed  through  the  die  is  the  product,  as  at  a  a  in  Fig.  19,  which  also 
illustrates  the  shear  of  the  die. 

The  amount  of  shear  necessary  to  give  a  die  to  obtain  best  results 
depends  a  great  deal  on  the  thickness  of  the  stock  to  be  punched,  and 
also  on  the  length  of  the  piece  to  be  removed,  and  on  the  power  of 
the  press.  The  shear  of  a  die  usually  commences  at  the  center  and 
extends  toward  each  end,  as  in  Fig.  19,  the  punch  being  left  flat  op 
its  face.  When  the  punch  descends,  the  cut  commences  at  the  highest 
point  of  the  die,  which  is  in  the  center,  and  'continues  toward  eacli 
.end.  The  portion  at  the  center  will  have  been  removed  from  the 
stock  before  the  cut  has  progresse.d  very  far  toward  the  ends,  and  in 
this  manner  the  cut  is  distributed  over  the  length  of  the  piece,  reduc- 
ing the  strain  on  the  press  and  tools. 

The  diemaker,  if  he  works  to  drawings  furnished  him  by  the  drafts- 
man, makes  the  thickness  of  die  and  length  of  punch  to  correspond 
with  dimensions.    However,  it  is  customary  in  shops  where  few  dies 
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are  made  and  no  draftsman  is  employed,  to  give  the  diemaker  or 
toolmaker  an  idea  of  the  shape  and  dimensions  wanted,  or  possibly  a 
templet,  and  he  Is  required  to  go  ahead  and  "work  out  his  own  solu- 
tion." In  such  cases  the  workman  must  first  find  the  dimensions  of 
the  press  to  be  used,  the  distance  from  the  bed  to  the  ram,  the  length 
of  stroke  of  the  ram,  the  amount  the  ram  may  be  adjusts,  the  thick- 
ness of  the  bolster,  and  particulars  about  any  shoes  that  are  to  be 
used.  These  things  should  be  carefully  set  down  and  kept  where  the 
workman  may  hare  access  to  them  at  any  time.  If  there  are  several 
presses,  each  should  be  marked  and  the  dimensions  of  each  carefully 
recorded,  according  to  the  work  of  the  individual  machine.  If  this 
precaution  is  followed  and  the  dimensions  taken  into  consideration 
when  machining  the  die  and  punch,  there  need  be  none  of  the  trouble 
sometimes  experienced,  such  as  a  die  too  thick  or  a  punch  too  long, 
or  the  reverse,  for  the  press  in  which  they  are  to  be  used. 

Stripping  the  Stock. 

When  articles  are  punched  from  sheet  stock,  or  in  fact  from  any 
stock  where  the  scrap  is  around  the  punch,  the  stock  will  be  carried 
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upward  when  the  punch  ascends,  unless  some  device  is  furnished  to 
prevent  its  doing  so.  Fig.  20  shows  an  arrangement  a  called  a  strip- 
per, or  stripping  pla(;e,  the  opening  in  this  being  a  trifle  larger  than 
the  punch.  The  stripper  plate  must  be  securely  fastened  to  the  die, 
or  the  die  holder,  and  must  be  stiff  enough  to  prevent  its  springing 
when  in  use.  Between  the  stripper  and  the  die  (at  b)  is  a  guide 
against  which  the  stock  being  operated  on  rests,  and  which  determines 
the  amount  of  scrap  at  the  back  edge  of  the  sheet.  This  guide  is 
made  of  a.  thickness  that  insures  the  space  between  the  die  and 
stripper  being  somewhat  greater  than  the  thickness  of  the  stock  used; 
in  fact,  the  space  must  be  suflicient  to  allow  the  stock  to  move  along 
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easily  even  when  the  surface  is  made  somewhat  irregular  hy  the 
operation  of  punching.  At  c  is  a  guide  pin  or  stop  against  which  the 
stock  is  placed  to  determine  the  endwise  setting. 

Templets. 

When  dies  are  made  for  producing  pieces  that  must  he  of  a  given 
size  and  shape  it  is  necessary  to  have  a  piece  of  the  same  shape  and 
size  to  work  to;  this  is  called  a  templet.  At  times  it  requires  a  con- 
siderat  le  degree  of  skill  to  make  a  templet  that  will  answer  for  the 
work  in  hand.  As  an  example,  the  templet  shown  in  Fig.  21  may  be 
referred  to.  After  blanking  and  turning  the  ear  at  the  top  of  the  piece 
to  be  made,  it  was  to  be  closed  on  a  groove  in  an  axle,  as  shown  in 
Fig.  22.  After  closing,  the  outside  of  the  washer  was  supposed  to  run 
about  true.  The  die  was  made  to  the  templet  and  it  was  found  less 
difDcult  to  make  the  die  than  the  templet.  In  this  instance  it  was 
necessary  to  make  two  pieces  of  the  desired  shape  exac{ly  alike,  one  of 
which  was  closed  on  the  model  axle  and  tested.  The  points  that  were 
not  right  were  located  on  the  one  that. had  not  been  closed  up.  Then 
others  were  laid  out  from  it,  due  allowance  being  made  for  the  im- 
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Plffa.  21  to  24.    BxampU  of  Tampl«t  Bfaldiiff. 

perfections  of  the  first  When  making,  two  pieces  of  stock  were 
placed  together  and  one  half  was  worked  to  the  laying  out  lines  as  in 
Fig.  23.  After  the  other  half  had  been  blocked  out  somewhere  near 
the  line,  the  pieces  were  reversed  and  each  half  that  had  been 
blocked  out  was  finished  to  the  finished  half,  as  shown.  In  this  way 
the  ends  were  exactly  alike  and  the  two  being  machined,  or  filed  to- 
gether, were,  of  course,  alike.  When  one  was  forced  down  or  closed  on 
the  axle  and  was  found  correct,  the  other  answered  for  the  templet  to 
be  used  in  laying  out  the  die,  and  afterward  to  fit  the  opening,  too. 
While  the  example  related  was  comparatively  simple,  it  did  not  appear 
altogether  simple  to  one  not  accustomed  to  that  class  of  work,  and  it 
serves  to  Illustrate  the  idea  brought  out. 

In  order  that  templets  may  be  easily  handled,  it  is  customary  to 
attach  some  form  of  handle  to  them,  which  is  sometimes  done  by  drill- 
ing and  tapping  a  hole  in  the  templet,  and  cutting  a  short  thread  on  a 
piece  of  wire  which  is  screwed  into  the  tapped  hole.  Another  common 
method  is  to  attach  a  piece  of  wire  by  means  of  a  drop  of  solder.  a§ 
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shown  in  Fig.  24.  This  method  Is  open  to  the  objection  that  the  wire 
must  he  removed  from  the  templet  when  it  is  used  in  laying  out  the 
punch,  as  it  is  necessary,^ when  the  templet  differs  in  shape  on  two 
edges,  to  lay  opposite  sides  of  the  templet  against  punch  and  die. 

Sectional  Dies. 

Dies  are  many  times  made  in  two  or  more  sections  in  order  to  faci- 
litate the  operation  of  working  the  opening  to  shape.  In  other  cases 
the  die,  if  solid,  would  be  so  large  as  to  render  it  well-nigh  Impossible 
to  harden  it  in  a  shop  with  only  the  usual  facilities  for  doing  work 
of  this  class.  And  then  again  if  it  should  go  out  of  shape  in  harden- 
ing, it  would  be  a  difficult  task  to  remedy  the  defect.  If  made  in  sec- 
tions, as  shown  in  Fig.  25,  it  would  be  possible  to  peen  or  grind  to  the 
original  shape  with  little  trouble. 

A  die  of  the  design  shown  in  Fig.  26  may  be  made  sectional  be- 
cause it  is  much  easier  and  cheaper  to  make  than  If  solid.    The  sections 
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Flff.  20.    Seottonal  Die  beld  by  Screws. 
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Flff.  26.    Sectional  Die  Located  by  Taper  Pins. 

are  held  in  their  proper  location  by  dowel  pins.  They  are  held  to- 
gether by  the  shoe  which  secures  them  in  the  press.  If  the  die  is 
comparatively  small,  the  circular  shapes  at  each  end  and  center  are 
produced  by  first  drilling,  and  then  reaming  from  the  back,  with  a 
reamer  of  the  proper  angle.  The  sections  may  be  separated  and  the 
balance  of  the  stock  removed  in  a  shaper,  planer  or  milling  machine. 
When  this  stock  is  removed  the  die  may  be  held  at  the  proper  angle 
to  produce  the  desired  clearance.  After  machining  as  close  as  pos- 
sible, the  surfaces  may  be  finished  with  a  file  and  scraper. 

When  the  opening  has  been  finished  to  the  templet,  the  top  may  be 
given  the  proper  shear.  In  order  to  facilitate  the  operation  of  grind- 
ing when  the  die  is  dull,  the  stock  may  be  removed,  as  In  Fig.  27,  leav- 
ing about  %-inch  each  side  of  the  opening  at  the  narrowest  portion. 
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There  are  certain  forms  of  dies  where  it  is  not  feasible  to  cut  away  a 
portion  of  the  top,  as  shown,  but  where  it  can  be  done  it  saves  much 
time  when  grinding. 

Correctinflr  Mistakes  Made  in  Dies. 
Should   the   workman,   through   misunderstanding   or   carelessness, 
make  the  opening  too  large  at  any  point,  he  should  not  attempt  to 


Flff .  97.    lC«thod  of  Oaltlnff  Away  the  Top  of  Die  to  FaoUltate  Qrlndlnff. 

peen  the  stock  cold,  as  is  sometimes  done,  for  while  it  is  possible 
to  do  this  and  then  finish  the  surfaces  in  such  a  manner  that  It  will  be 
scarcely  noticeable,  the  stock  directly  below  where  the  peening  took 
place  will  almost  surely  crack  during  the  life  of  the  die. 

Should  the  mistake  referred  to  occur,  heat  the  die  to  a  forging  heat, 
when  the  stock  may  be  set  in  without  injury  to  the  steel.    When  set- 


Fl^r*  28.    Oloalnff  up  a  Die  which  la  too  Large. 

ting  in,  a  blacksmith's  fulling  tool  may  be  used,  this  placed  on  the 
face  of  the  die  and  struck  with  a  sledge,  as  in  Fig.  28.  If  there  is  ob- 
jection to  disfiguring  the  top  surface  of  the  die,  this  method  can,  of 
course,  not  be  used,  but  if  the  top  is  to  be  cut  away,  as  shown  in  Fig.  27, 
the  depression  made  by  the  fulling  tool  would  be  entirely  cut  away. 
It  is  never  good  practice  to  bend,  set  in,  or  otherwise  alter  the  form 
of  steel  when  cold,  if  it  is  to  be  hardened,  as  such  attempts  nearly 
always  end  in  a  manner  entirely  unsatisfactory. 
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Beworkiner  Worn  Dies. 
When  a  die  becomes  worn  so  that  the  opening  is  too  large,  or  the  top 
edge  of  the  walls  of  the  opening  are  worn  so  that  the  die  is  "bell  muz- 
zled," it  may  be  heated  to  a  forging  heat,  set  in  with  a  fulling  tool,  or 
a  punch  of  the  desired  shape,  after  which  it  is  reheated  to  a  low  red 
and  annealed.  After  annealing  it  is  reworked  to  size.  This  rework- 
ing, care  and  Judgment  being  used,  gives  excellent  results,  and  effects 


a  considerable  saving,  as  otherwise  it  would  be  necessary  to  make  new 
dies,  while  the  die  may  be  reworked  at  a  fraction  of  the  expense  of  a 
new  one. 

When  making  a  sectional  die,  it  is  possible  in  case  the  opening  is  a 
trifle  too  large,  to  work  a  little  stock  off  the  faces  that  come  together, 
provided  the  outer  edges  have  not  been  planed  to  fit  the  holder;  also, 
if  it  is  allowable,  these  surfaces  may  be  cut  away  the  desired  amount, 
and  a  strip  of  stock  of  the  proper  thickness  placed  between  the  die 
and  holder.  Considering  the  liability  of  a  mistake  taking  place  when 
tbe  beginner  is  doing  work  of  this  kind,  it  is,  generally  speaking, 
advisable  to  leave  the  fitting  of  the  die  to  the  holder  until  the  opening 
has  been  worked  to  size. 

Hardening  Dies. 

There  is  probably  no  one  article  the  hardener  is  called  on  to  harden 
that  he  dreads  any  more  than  a  die.  If  he  succeeds  in  bringing  it 
out  of  the  bath  without  a  crack,  he  gives  the  credit  to  "luck";  and 
if  it  cracks,  it  is  almost  what  he  was  looking  for.  This  is  an  unfortu- 
nate condition,  as  there  is  no  need  of  losing  dies  in  the  operation  of 
hardening.  Of  course,  if  a  piece  of  imperfect  steel  is  used,  it  Is  almost 
sure  to  go  to  pieces  in  the  bath;  but  if  the  steel  is  of  the  proper 
quality  and  in  good  condition,  there  need  be  no  trouble  when  hard- 
ening. 

When  handling  work  so  diversified  in  character  as  the  class  under 
consideration,  the  operator  should  not  assume  that  it  is  possible  to 
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adopt  any  set  method  which  Is  not  to  be  deviated  from,  as  there  is  no 
one  class  of  work  that  calls  for  a  greater  exercise  of  skill  and  common 
sense  than  the  proper  hardening  of  punch  press  dies,  unless  It  be  the 
hardening  of  drop-forging  dies.  For  most  dies  of  this  character,  how- 
ever, and  especially  for  those  complicated  in  form,  and  which  must 
retain  as  nearly  as  possible  exact  measurements,  there  is  no  method 
that  will  give  the  satisfaction  derived  from  the  method  known  as 
"pack  hardening." 

Pack  HardeninfiT- 

When  pack  hardening  such  pieces,  best  results  are  derived  from  the 
use  of  a  bath  of  raw  linseed  oil  of  the  type  shown  in  F^g.  29,  in 
which  the  oil  is  kept  from  heating  by   pumping  through  a  coil  of 


pip  3  in  a  tank  of  water,  and  then  forced  into  the  bath  and  through  the 
opening  as  shown.  If  such  a  bath  is  not  at  hand,  good  results  can  be 
obtained  where  the  oil  is  not  agitated  but  the  die  is  swung  back  and 
forth  and  moved  up  and  down  somewhat  in  the  oil.  If  many  dies  ari 
to  be  hardened  this  way,  however,  it  is  necessary  to  have  a  bath  of 
generous  proportions,  or  else  several  smaller  baths,  as  it  would  not 
do  to  use  the  oil  after  it  becomes  hot,  although  oil  that  is  heated  some- 
what will  conduct  the  heat  from  steel  more  rapidly  than  would  be 
supposed,  and  is  better  adapted  for  hardening  than  if  it  is  extremely 

cold. 

Qeneral  Directions  for  Hardening'. 

The  secret  of  success  in  hardening  dies  by  the  ordinary  method 
consists  in  getting  as  nearly  as  possible  a  uniform  heat.  To  accom- 
plish this  the  die  cannot  be  heated  very  rapidly,  as  the  edges  and 
lighter  portions  would  heat  more  rapidly  than  the  balance  of  the 
piece.    Unequal    contraction,    when    quenching    in    the    bath,    follows 
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uneven  heating,  and  unequal  contraction  causes  the  die  to  crack.  High 
heats  cause  cracks,  in  steel.  Then,  again,  high  heats  render  the  steel 
weak,  and  as  a  consequence  it  cannot  stand  the  strain  incident  to 
contraction  of  one  portion  of  the  steel  when  another  portion  is  hard, 
and  consequently  rigid  and  unyielding.  Steel  is  the  strongest  when 
hardened  at  the  proper  temperature,  known  as  the  refining  heat. 

Cold  baths  are  a  source  of  endless  troubles  when  hardening  dies. 
They  will  not  make  the  steel  any  harder  than  one  that  is  heated  to  a 
temperature  of  60  or  70  degrees,  or  even  warmer  than  this,  but  they 
will  cause  the  die  to  spring  or  crack  where  the  warmer  bath  would 
give  excellent  results.  A  bath  of  brine  is  to  be  preferred  to  one  of 
water  for  this  class  of  work,  the  brine  being  heated  to  the  temperature 
mentioned  above. 

Have  the  bath  of  generous  proportions.  When  the  die  is  properly 
heated,  lower  it  into  the  bath  as  shown  in  Fig.  30,  moving  it  slowly 
back  and  forth  to  the  positions  shown,  which  causes  the  liquid  to  circu- 
late through  the  openings,  thus  insuring  the  walls  of  the  opening 
hardening  in  a  satisfactory  manner.  Then  again,  moving  back  and 
forth  brings  both  surfaces  of  the  piece  in  contact  with  the  liquid, 
causing  them  to  harden  uniformly,  and  preventing  an  undue  amount 
of  "humping,"  as  would  be  the  case  if  one  side  hardened  more  rapidly 
than  th3  other.  The  workman  must,  of  course,  exercise  common  sense 
when  doing  this  class  of  work.  If  he  were  to  swing  a  die  containing 
sharp  comers,  intricate  shapes,  and  fine  projections  as  rapidly  in  the 
bath  as  it  would  be  safe  to  do  were  the  opening  round  or  of  an  oval 
shape,  it  might  prove  disastrous  to  the  die,  as  such  a  shape  would  give 
off  its  heat  very  rapidly,  and  ks  a  result  the  fine  projections  and  sharp 
comers  would  harden  much  quicker  than  the  balance  of  the  die;  and 
as  they  continued  to  contract,  the  projections  would  fly  off,  or  the 
steel  would  crack  in  the  comers.  To  avoid  this,  have  the  bath  quite 
warm,  move  the  die  slowly,  and  as  soon  as  the  portions  desired  hard 
are  in  the  proper  condition,  remove  the  die  and  plunge  it  in  a  bath  of 
warm  oil,  where  it  may  remain  until  cooled  to  the  temperature  of 
the  oil. 

Most  of  th€  trouble  experienced  when  hardening  dies  is  occasioned 
by  one  of  two  causes — possibly  both.  The  first  cause  is  uneven  heating, 
the  second,  cold  baths. 

The  Punch.. 

The  method  of  holding  the  punch  depends  on  its  shape  and  the  style 
of  die,  as  well  as  on  the  holders  at  hand  in  the  shop.  If  it  can  be 
made  in  as  in  Fig.  34,  with  a  shank  to  fit  a  holder  which  enters  an 
opening  provided  in  the  lower  end  of  the  ram,  it  will  be  comparatively 
simple  to  make.  At  other  times  it  will  be  necessary  to  attach  several 
punches  to  a  holder,  as  in  Fig.  31.  When  these  punches  can  be 
attached  to  the  holder  by  means  of  round  shanks  it  will  be  found  a 
satisfactory  method.  For  many  forms  of  punches,  however,  this  would 
not  answer,  it  being  found  necessary  to  attach  them  by  screws,  dowel 
pins  being  provided  to  keep  them  in  position,  as  in  Fig.  32  at  a. 
Then,  again,  it  is  sometimes  thought  advisable  to  use  a  fixture  for  hold- 
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ing  the  punches,  having  a  dove-tailed  slot  cut  in  the  face  as  in  Fig.  33, 
the  punches  having  a  tongue  which  is  fitted  in  the  slot  The  punches 
are  securely  held  hy  means  of  setscrews.  As  the  opening  in  the  lower 
end  of  the  ram  to  receive  the  punch  holder  of  small  presses  is  ordi- 
narily square,  the  holder  is  made  of  a  shape  that  fits  the  opening,  the 
hole  to  receive  the  punch  being  round.     At  times  the  holder  is  split 
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FI98. 81, 89  and  88.    VariouA  M«thoda  of  Holdinir  Ptmohaa. 

as  in  Fig.  35.  When  pressure  is  applied,  the  holder  is  closed  onto  the 
shank  of  the  punch,  thus  holding  it  securely.  At  other  times  the 
holder  is  made  without  splitting,  and  a  setscrew  placed  in  the  lower 
end  of  the  holder.  Fig.  36.  This  setscrew,  when  screwed  against  the 
punch,  holds  it  securely  In  place. 
It  is  customary  to  make  the  die,  and  harden  it,  and  then  make  the 
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punch  and  fit  it  to  the  die.  After  squaring  the  end  of  the  punch  that 
is  to  enter  the  die,  the  surface  is  colored  with  blue  vitriol  Solution, 
or  by  heating  it  until  a  distinct  browa  or  blue  color  is  visible,  after 
which  the  desired  shape  is  marked  on  the  face  by  scribing.  If  it  is 
considered  advisable  to  lay  out  the  shape  by  means  of  the  templet,  it 
may  be  done;  but  if  the  templet  is  not  of  the  same  shape  on  its  two 
edges,  or  the  ends  are  different  from  one  another,  it  will  be  necessary 
to  place  the  opposite  side  against  the  punch  from  that  placed  against 
the  die  when  marking.  However,  it  is  the  custom  many  times  to 
mark  the  punch  from  the  die.  If  the  die  is  given  shear,  it  is  neces- 
sary to  mark  the  punch  before  the  face  of  the  die  is  sheared.    When 
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FIQ.  36 

FIG.  34  MiMmtrtJnr. 

Flffs.  84,  86  and  86.    Punch  and  Panoh  Holders. 

laying  out  several  punches  from  a  die  which  has  a  number  of  impres- 
sions, it  is  necessary  to  lay  out  the  punch  from  the  die. 

The  surplus  stock  on  the  punch  is  removed  by  filing,  chipping,  mill- 
ing or  planing,  as  the  case  may  be,  until  it  is  but  a  trifle  larger  than 
the  opening  in  the  die.  The  end  is  then  cornered  somewhat  so  that 
it  enters  the  opening,  and  the  punch  is  forced  into  the  die  a  little  way. 
It  is  then  removed,  the  stock  cut  away,  and  the  punch  forced  in  again, 
this  time  somewhat  further.  This  method  is  continued  until  the  punch 
enters  the  die  the  required  distance.  It  is  then  filed  or  scraped  until 
the  desired  fit  is  obtained.  When  punch  and  die  are  to  be  used  for 
punching  paper,  soft  metals,  or  thin  stock,  the  punch  must  fit  nicely. 
If  the  stock  is  thick,  or  stiff,  the  punch  may  be  somewhat  looser. 
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For  stock  y^  inch  thick  it  is  the  practice  many  times  to  have  a 
1/32-inch  space  between  the  punch  and  die  at  all  points.  The  exact 
amount  cannot  be  stated  arbitrarily,  it  being  governed  by  existing 
conditions. 

There  are  instances  in  which  it  is  advisable  to  make  punches  some- 
what differently  from  the  method  described.  When  the  nature  of  the 
stock  to  be  punched  is  such  as  to  cause  it  to  cling  to  the  punch, 
making  the  operation  of  stripping  difficult,  to  the  extent  that  any 
stripper  plate  put  on  the  die  would  be  bent,  or  the  end  of  the  punch 
pulled  off  during  the  operation,  the  punch  may  be  made  straight  for  a 
distance  that  allows  of  grinding  several  times,  then  the  portion  inome- 
diately  above  this  may  be  given  a  taper.  This  tapered  portion  of  the 
punch  is  intended  to  enter  the  stock,  hut  not  the  die.  Its  action  is  to 
increase  the  size  of  the  opening  somewhat,  thus  making  the  operation 
of  stripping  possible  without  endangering  either  the  stripper  or  the 

punch. 

Advisability  of  Hardening  Punches. 

There  are  various  opinions  among  practical  men  as  to  the  advis- 
ability of  hardening  punches.  For  most  Jobs  it  is  the  custom  to  do  so, 
though  there  are  some  mechanics  who  consider  it  advisable  to  harden 
them  and  others  who  do  not  There  are  instances  where  punches  work 
well  either  way,  and  in  such  cases  it  is,  of  course,  a  matter  of  opinion. 
If  good  results  follow  the  use  of  a  soft  punch  it  may  be  used,  and  as 
the  punch  wears,  it  is  upset  and  sheared  into  the  die. 

There  are  times  when  a  soft  die  and  hardened  punch  work  well,  and 
times  when  a  hardened  die  and  soft  punch  give  good  results.  At  other 
times  both  punch  and  die  may  be  left  soft  Very  large  punches  and 
dies  for  hot  trimming  of  drop  forgings  are  sometimes  used,  where  both 
are  in  a  soft  condition,  and  they  stand  up  properly.  The  shape  of 
these,  together  with  the  size,  often  make  it  impracticable  to  harden 
them.  It  would- not  be  advisable  to  state  that  such  and  such  dies  or 
punches  should  be  hartf  or  soft;  It  must  be  determined  by  the  circum- 
stances under  which  they  are  to  be  used,  and  the  decision  is  a  matter 
of  experience  on  that  particular  work. 

Directiona  for  Hardening  Punches. 

If  punches  are  to  be  hardened — and  it  is  generally  considered  best — 
they  should  be  very  carefully  heated.  It  must  be  borne  in  mind  that 
punches  are  subjected  to  great  strain,  consequently  they  should  be 
heated  uniformly,  and  to  as  low  a  temperature  as  will  give  desired 
results,  thus  making  them  as  strong  as  possible.  Heat  slowly  to  avoid 
overheating  the  comers,  as  these  are  subjected  to  the  greatest  strain. 
The  distance  we  should  harden  a  punch  depends  on  the  shape  and 
size,  and  the  use  to  which  It  Is  to  be  put.  If  It  Is  a  piercing  punch 
of  the  form  shown  in  Fig.  37,  it  should  be  hardened  the  entire  length 
of  the  portion  marked  a  to  avoid  any  tendency  to  bend  or  upset  when 
in  use.  If  it  is  of  a  form  that  insures  sufficient  strength  to  resist 
any  tendency  to  upset  when  in  use,  as  in  the  punch  Illustrated  in 
Fig.  38,  then  it  need  not  be  hardened  its  entire  length. 
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Pack  hardening  makes  an  admirable  method  for  hardening  punches 
for.  most  work,  but  for  piercing  punches  of  the  type  shown  in  Fig.  37 
it  is  not  advocated,  as  the  whole  structure  of  steel  should  be  as  nearly 
as  possible  alike.  Such  punches  should  be  heated  in  a  muffle  furnace, 
or  in  a  tube  in  the  open  fire,  turning  occasionally  to  insure  uniform 
results,  for  not  only  can  we  heat  a  piece  more  uniformly  if  It  Is  turned 
several  times  while  heating,  but  a  fact  not  generally  known  is  that  a 
cylindrical  piece  of  steel  heated  in  an  ordinary  fire  without  turning 
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FIG.  38 


Flffs.  87  and  88.    Shapes  B«qalrlnff  DUfcrent  Treatmant  in  Hardenioff . 
Flff.  89.    Olamp  used  Whan  Borlblng  Die  Ontline  on  launch. 

while  heating  will  many  times  show  softness  on  the  side  that  was 
uppermost  in  the  fire,  no  matter  what  care  was  taken  when  heating 
and  dipping.  If  it  is  reheated  with  the  opposite  side  uppermost,  that 
will  be  found  soft  if  tested  after  hardening,  while  the  side  that  was 
soft  before  will  be  hard.  The  smaller  the  punch  the  more  attention 
should  be  given  to  the  condition  of  the  bath.  Luke  warm  brine  is  the 
best.    Work  the  punch  up  and  down  and  around  well  in  the  bath. 

Tempering  Punches. 

It  is  the  custom  of  many  mechanics  to  draw  the  temper  of  punches 
of  the  description  shown  in  Fig.  37,  to  a  full  straw  on  the  cutting 
end,  but  to  have  the  temper  lower  further  up  the  punch.  Better  results 
follow,  however,  if  the  punch  is  left  of  a  uniform  hardness  its  entire 
length  of  slender  portion,  as  it  is  then  of  a  uniform  stiffness,  and  the 
liability  of  springing,  especially  when  punching  stiff  or  heavy  stock, 
is  reduced  to  the  minimum. 

It  is  generally  considered  good  practice  to  temper  the  punch  so  that 
it  is  somewhat  softer  than  the  die;  then,  if  from  any  accident  the  two 
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come  in  contact,  the  die  will  in  all  probability  cut  the  punch  without 
much  injury  to  itself.  There  are  exceptions  to  this,  however.  In  many' 
shops  where  large  numbers  of  dies  which  are  hardened  are  used,  it  is 
customary  to  have  the  one  which  is  the  more  difficult  to  make  the 
harder,  so  it  will  cut  the  other  if  they  come  in  contact  with  each  other. 
In  order  to  hold   the  die  and  punch  blank  firmly   together  when 
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Fiff.40.    Multlpla  Dl«,  and  Stock  Cut  in  Saane. 

marking  the  shape  on  the  face  of  the  punch,  a  very  convenient  fixture 
known  as  a  die  clamp  shown  in  Fig.  39  is  used.  When  the  two  are 
secured  by  means  of  this  clamp,  it  is  possible  to  move  them  around 
so  as  to  get  at  the  various  portions  where  we  wish  to  scribe. 


Multiple  Dies. 
The  reduction  of  the  cost  of  manufacture  Is  often  possible  by  the 
use  of  multiple  dies,  whereby  two  or  more  pieces  are  punched  out  at 
a  time.     In  punching  perforated  steel  work  it  is  no  uncommon  thing 
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to  see  punches  and  dies  in  use  where  several  hundred  punches  are 
working  into  one  die. 

If  an  article,  for  example,  of  the  form  shown  in  the  die  in  Fig.  40, 
were  to  he  punched  In  lots  of  several  thousand,  the  die  should  punch 
a  number  at  a  stroke.  Such  a  die  and  the  stock  left  are  shown  in 
Fig.  40,  where  the  die  is  shown  at  A  and  the  stock  after  the  first 
punching  at  B.  It  will  be  noticed  that  the  distance  between  the  open- 
ings is  considerable.  This  is  necessary,  as  it  would  not  be  possible 
to  place  the  openings  in  the  die  as  close  as  they  shoul'd  be  to  econo- 
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Figs.  41  And  42.    Oaiiff  Panoh  «ad  Dla. 

mize  stock,  since  there  would  not  be  stock  enough  between  to  insure 
the  die  sufficient  strength  to  stand  up  when  working.  For  this  reason 
the  openings  are  located  as  shown.  After  punching  as  shown  at  B, 
the  stock  is  moved  along  the  right  distance  for  the  intervening  stock 
to  be  punched  out,  as  at  C7. 

Oang  Dies. 
If  it  were  desirable  to  punch  a  piece  like  that  at  a  in  Fig.  43,  it 
would  be  possible  to  make  a  blanking  die  and  punch  which  would  pro- 
duce the  blank  of  the  right  size  and  shape,  but  without  the  holes;  then, 
by  means  of  another  die,  with  three  punches  working  into  it,  we  could 
punch  the  holes.  It  is  apparent  that  such  a  method  would  be  more 
expensive  than  one  that  made  it  possible  to  punch  the  holes  and  the 
piece  at  one  passage  of  the  stock  across  the  die.  This  may  be  done  by 
the  use  of  a  die  of  the  description  shown  in  Figs.  41,  42  and  43. 
When  using  this  die  the  stock  is  placed  against  the  guide  and  just  far 
enough  to  the  left  so  that  the  large  punch  &  will  trim  the  end.  Then, 
when  placed  against  the  stop  or  gage  pin  c,  bring  the  guide  pins  in 
end  of  punch  &  in  line  with  the  holes  punched  at  the  first  stroke  of 
the  press  at  the  time  the  end  was  trimmed. 
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When  the  stock  Is  purchased  of  the. proper  width  for  one  piece,  it 
is  fed  through  and  the  scrap  thrown  aside.  At  times  it  is  purchased 
just  wide  enough  for  two  pieces,  in  which  case  one  edge  is  placed 
against  the  guide  d  and  the  stock  fed  through;  after  which  it  is 
turned  over  and  fed  through  with  the  opposite  edge  against  the  guide, 
thus  using  all  the  stock  except  such  portion  as  necessarily  becomes 
scrap. 

However,  if  the  stock  is  purchased  in  the  commercial  sheet,  it  is 
necessary  to  trim  the  edges  every  time  a  row  is  punched  along  each. 
If  no  power  shears  are  located  handy  to  the  press  this  may  prove  to 
be  a  more  costly  operation  than  the  punching,  and  no  matter  how 
conveniently  such  a  shear  may  be  located,  the  operation  adds  a  con- 


Plff.  48,    BloTation  of  Qung  Punch  »nd  Die  shown  inPlAn  In  Figs.  41  and  42. 

siderable  cost  to  the  product.  To  avoid  this  trouble  and  expense 
another  punch  and  opening  in  the  die  may  be  added.  The  object  of 
this  punch  is  to  remove  the  scrap  between  the  openings  in  this  sheet 
and  also  trim  the  edge  of  the  sheet,  thus  making  it  straight  and  in 
condition  to  bear  against  the  guide  on  the  die.  The  die  and  punch 
with  the  addition  mentioned '  are  shown  in  Fig.  44.  When  using  a 
trimming  punch  as  described  above,  it  is  necessary  to  use  a  stop  of 
the  description  shown  at  h.  The  end  of  the  scrap  striking  this  gov- 
erns the  location  of  the  stock,  and  when  the  punch  descends  the  scrap 
is  cut  away. 

When  making  dies  of  this  class  it  is  necessary  to  have  the  blanking 
die  a  the  longer  in  order  that  the  locating  pins  on  the  end  may  engage 
in  the  holes  in  the  stock  and  locate  it  right  before  the  other  punches 
reach  the  stock.  It  is  also  necessary  to  place  the  stop,  or  gage  pin, 
so  the  stock  will  go  a  trifle  further  than  its  proper  location — say  0.010 
inch.    Then,  when  the  locating  pins  engage  with  the  holes,  they  draw 
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the  stock  back  to  its  i^roper  location;  whereas  if  the  tool-maker 
attempted  to  locate  the  stop  exactly,  any  dirt  or  other  foreign  sub- 
stance getting  between  the  end  of  the  scrap  find  the  stop  would  cause 
trouble. 

Bending  Dies. 

While  it  is  possible,  in  certain  oases,  to  bend  articles  during  the 
operation  of  punching,  it  is  usually  necessary  to  make  a  separate  oper- 
ation of  bending.  There  are  instances  where  bending  fixtures  which 
may  be  held  in  a  bench  vise,  or  attached  to  the  bench,  answer  the 
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Fig.  44.    Oanff  Punoh  Amng«d  to  Ustt  81i««t  Stock. 


purpose  as  well  and  allow  the  work  to  be  done  more  cheaply  than  if 
balding  dies  were  used.  But  as  a  rule  the  die  used  in  a  press  provides 
the  more  satisfactory  method,  and  allows  the  work  to  be  done  at  a 
fraction  of  the  cost. 

It  is  sometimes  possible  to  make  the  dies  so  that  the  various  oper- 
ations can  be  done  in  different  portions  of  the  same  die  block,  the  piece 
of  work  being  changed  from  one  portion  to  another  in  order  as  the 
various  operations  are  gone  through.  At  other  times  It  is  necessary  to 
make  several  sets  of  bending  dies,  the  number  depending  on  the  num- 
ber of  operations  necessary.    When  a  "batch"  of  work  has  been  run 
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through  the  first  die,  it  is  removed  from  the  press  and  the  liezt  in 
order  placed  in,  so  continuing  until  the  work  has  been  brought  to  the 
desired  shape. 

When  a  comparatively  small  number  of  pieces  are  to  be  bent  to  a 
shape  that  would  require  a  complicated  and  conseQuently  costly  die  in 
order  that  the  work  might  be  done  at  one  operation,  it  is  sometimes 
considered  advisable  to  make  two  dies,  which  are  simple  In  form  and 
inexpensive  to  make,  to  do  the  work.  At  tlmee  the  design  of  the  press 
is  such  that  a  complicated  die  could  not  be  used;  and  as  a  result  addi- 
tional dies  of  a*  simpler  form,  and  which  can  be  fitted  in  the  press,  must 
be  made. 

We  will  first  consider  the  simpler  forms  of  bending  dies.  Fig.  45 
represents  a  die  used  in  bending  a  piece  of  steel.  A,  to  a  V-shape,  as  at 
B.    In  the  case  of  a  die  of  this  form  it  is  necessary  to  provide  an 
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FIQ.  46 

Fro.  47      M^MMur^jr.Y. 

Piffs.  4&,  4e  and  47.    Bzampl^s  of  BexuHng  Di«s. 

impression  of  the  proper  shape  as  shown;  this  impression,  if  the  die 
is  to  be  used  for  bending  stiff  stock,  must  be  of  a  more  acute  angle 
than  if  stock  having  little  tendency  to  spring  back  when  bent  to  shape 
be  used.  Under  ordinary  circumstances  the  upper  portion  or  punch 
would  be  made  of  the  same  angle  as  the  die.  It  is  necessary  to  provide 
guides  and  stops  as  shown  to  locate  the  work  properly. 

If  the  stock  used  in  making  the  pieces  is  of  a  high  grade  and  the 
product  is  a  spring  or  similar  article  which  must  be  hardened,  it  will 
be  found  necessary  to  cut  away  the  die  somewhat  in  the  bottom  of  the 
impression,  making  it  a  little  different  in  shape  from  the  punch,  as 
shown  in  Fig.  46.  This  is  to  prevent  crushing  or  disarranging  the 
grain  of  the  steel  to  an  extent  that  would  cause  it  to  break  when  in  use. 
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If  the  die  is  of  the  form  shown  in  Fig.  47,  it  is,  of  course,  necessary 
to  make  the  length  a  of  the  punch  shorter  than  the  distance  across 
the  opening  of  the  die.  It  must  be  somewhat  shorter  on  each  end 
than  the  thickness  of  the  stock  being  worked.  If  possible,  the  upper 
comers  tt  oi  the  die  should  be  rounded  somewhat,  as  the  stock  bends 
so  much  easier  and  with  less  danger  of  mutilating  the  surface  than 
when  the  comers  are  sharp.  When  bending  thin  ductile  metal  the 
comers  need  but  little  rounding.  If  the  stock  is  thick,  or  yery  stiff,  a 
greater  amount  of  rounding  is  needed. 

While  the  form  of  bending  die  in  Fig.  45  answers  for  ordinary  work, 
there  are  Jobs  where  such  a  die  would  not  insure  a  degree  of  accuracy 
that  would  answer  the  purpose,  and  it  will  be  found  necessary  to  make 
one  similar  to  Fig.  48,  where  a  riser  or  pad  a  is  provided,  as  shown. 


Flff.  48.    Bendlnff  Dl«  for  Accurate  Work. 


This  is  forced  upward  by  the  spring  h  and  is  gaged  as  to  height  by 
means  of  the  washer  o  bearing  against  a  shoulder,  as  shown.  It  will 
be  observed  that  the  spring  gets  its  bearing  against  the  washer,  which 
in  turn  bears  against  the  shoulder  of  the  riser  as  mentioned  before. 
When  making  this  die,  the  hole  is  drilled  and  reamed  and  the  groove 
milled  or  planed  for  the  riser,  which  is  put  in  place  sufficiently  tight  to 
hold  it  while  the  V  groove  is  cut,  after  which  it  may  be  relieved  until 
it  works  freely.  The  spring  6  gets  its  lower  bearing  on  the  die 
holder.  If  it  is  considered  advisable,  a  screw  may  be  provided  for  the 
spring  to  rest  on.  By  adjusting  this  screw,  any  desired  tension  may  be 
given  the  spring,  although,  generally  speaking,  this  is  not  necessary. 

When  bending  articles  of  certain  shapes  it  is  necessary  to  design  the 
tools  so  that  certain  portions  of  the  piece  will  be  bent  before  other 
portions.    Should  we  attempt  to  make  the  tools  solid  and  do  the  work 
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at  one  stroke  of  the  press,  the  piece  of  stock  would  be  held  rigidly  at 
certain  points  and  it  would  l>e  necessary  to  stretch  the  stock  in  order 
to  make  it  conform  to  other  portions  of  the  die.  In  the  case  of  articles 
made  from  soft  stock,  this  might  be  accomplished,  but  the  stock  would 
be  thinner  and  narrower  where  it  stretche^.  However,  as  a  rule  it  is 
not  advisable  to  do  this,  and  dies  are  constructed  to  do  away  with  this 
trouble. 

Fig.  49  represents  a  die,  the  upper  part  of  which  has  the  portion  a 
so  constructed  that  it  engages  the  stock  first.  After  forcing  it  down 
into  the  impression  In  the  lower  portion,  part  a  recedes  into  the  slot 


Flff.  40.    A  Case  of  Progressive  Bendisg  !>>•• 

provided  for  it.  The  coil  spring  shown  is  sufficiently  strong  to  over- 
come the  resistance  of  the  stock  until  it  strikes  the  bottom  of.  impres* 
sion.    The  article  is  shqwn  bent  at  t. 

Compound  Bendinfir  Die. 

Compound  bending  dies  are  used  very  extensively  on  certain  classes 
of  work,  especially  in  making  looped  wire  connections  and  articles  of 
thin  sheet  stock.  Fig.  50  shows  a  die  used  for  bending  a  bow  spring. 
As  the  punch  descends,  the  stock  is  bent  down  into  the  impression  in 
the  lower  half  and  forms  the  stock  to  a  U-shape.  As  the  end  of  the 
punch  with  the  stock  comes  in  contact  with  the  bottom  of  the  impres- 
sion it  is  forced  into  the  upper  portion,  the  spring  keeping  it  against 
the  stock,  while  movable  slides — side  benders — &  are  pressed  in  by 
means  of  the  wedge-shaped  pins  so  as  to  force  the  upper  ends  of  the 
loop  against  the  sides  of  the  punch  as  shown  in  Fig.  51,  forming  the 
piece  as  at  B.  When  the  punch  ascends,  the  finished  loop  may  be 
drawn  off.  If  the  stock  used  is  stiff  it  will  be  necessary  to  make  the 
punch  somewhat  smaller  than  the  finished  size  of  the  spring,  as  it  will 
open  out  somewhat  when  the  pressure  is  removed. 

When  making  looped  wire  work,  a  loop  may  be  formed  and  the  wire 
moved  along  against  a  stop;  another  loop  formed,  and  so  on,  as  in 
Fig.  52.    When  forming  looped  wire  work  it  is  customary  to  make  the 
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punch  ball-shaped  rather  than  as  shown  In  Fig.  50.  The  ball  answers 
as  well  on  wire  work  and  allows  of  the  easy  removal  of  the  loop.  It 
is  sometimes  desirable  to  close  the  upper  end  of  an  article  nearly 
together,  and  if  the  stock  used  is  extremely  stiff,  as  bow  springs  made 
from  a  grade  of  tool  or  si^'ing  steel,  it  may  be  necessary  to  heat  the 


Fl0. 60.    Die  for  Bendlnff  Bow  Springs. 

bow,  which  has  previously  been  bent,  red  hot,  and  finish  bend  it  by 
a  special  process.  In  the  case  of  articles  made  from  a  mild  grade  of 
stock  the  whole  bending  process  may  be  accomplished  in  one  operation 
by  substituting  a  mandrel,  as  shown  in  Fig.  53,  for  the  cylindrical 
portion  of  the  punch. 


Flff.  61.    Action  of  Die  In  Fig.  60. 

A  great  variety  of  work  may  be  done  by  modifications  of  the  forms 
of  bending  shown.  Where  but  a  few  pieces  are  to  be  bent  it  is  not 
advisable  to  go  to  the  expense  of  costly  bending  dies;  but  when  the 
work  is  done  in  great  quantities,  they  will  produce  work  uniform  In 
shape  at  a  low  cost.  Blanking  and  bending  dies  are  made  which  not 
only  punch  the  article  from  the  commercial  sheet,  but  bend  it  to  the 
desired  shape  at  the  same   operation.    As  a  rule,  it  is  advisable  to 
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blank  the  article  at  one  operation  and  bend  it  at  another,  but  there 
are  certain  forms  of  work  where  it  is  possible  to  do  it  in  a  satisfactory 
manner  at  one  operation  and  at  a  cost  not  exceeding  that  of  the  ordl- 


Flff.  02.    Buooesslve  Iioops  Formed  in  a  Wire. 

nary  hlanking  operation.    This  also  efPects  a  saving  in  the  cost  of 
tools,  as  the  special  bending  die  is  dispensed  with. 

Fig.  54  represents  a  punch  and  die  used  in  punching  the  shoe  a 
to  the  proper  shape  shown,  while  Fig.  55  is  one  used  for  producing 


MmiMmmnfjr.T» 
Vig.  68.    Forming  a  Bow  Spring  with  Bnds  which  nearly  meet. 

the  tension  washer  shown.  Gun  and  other  irregular  shaped  springs  are 
many  times  punched  to  form  by  this  style  of  die,  although,  when  stock 
suitable  for  use  in  making  springs  is  employed.  It  will  be  found  neces- 
sary to  make  the  face  of  the  punch  somewhat  different  in  shape  from 
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Fiff.  04.    Punching  and  Bending  at  One  Operation. 

that  desired,  as  the  piece  will  straighten  out  more  or  less  after  it  is 
punched. 

If  it  is  desired  to  curl  a  form  on  a  piece  of  work,  making  a  loop 
as  in  Fig.  56,  it  is  accomplished  by  various  methods,  sometimes  by  a 
modification  of  the  die  in  Fig.  51.  A  die  of  the  description  shown  in 
Fig.  57  is  used  with  excellent  results.  In  making  this  die,  the  blank 
a  is  first  machined  to  size.    The  hole  h  is  drilled  and  reamed  to  size. 
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and  polished  to  produce  very  smoooth  walls.  This  may  be  acconi- 
plished  by  using  a  round  revolying  lap  of  the  right  size.  The  slot  is 
then  milled  as  shown.  If  the  die  is  not  intended  for  permanent  use 
and  the  stock  is  comparatively  soft  or  easily  bent,  it  need  not  be  hard- 


Fig,  so, 


ened.  If,  however,  it  is  to  be  used  right  along,  it  must  be  hardened. 
This  is  best  accomplished  by  pack  hardening,  being  sure  that  the 
heat  is  low.  As  in  the  use  of  this  method  the  die  is  quenched  in  oil, 
there  is  little  or  no  danger  of  its  going  out  of  shape.   It  is  then  drawn 


FIG.  57  i»««H»*rj^y.r. 

Flff  ■.  60  and  67.    A  Ourllnff  Die  and  Its  Work. 

to  a  full  straw  color.  The  punch  is  made  with  a  V-shaped  impression 
in  its  face,  as  shown.  This  may  be  flat  in  the  bottom,  as  indicated,  or 
left  sharp,  as  desired. 

It.  is  possible  with  presses  and  tools  adapted  to  the  work  to  form 
pieces  to  shapes  that  to  one  not  familiar  with  this  class  of  work  would 
seem  well  nigh  impossible. 
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StJOGESTIONS  FOR  THE  MAKING  AND  USE  OF  DIES. 

In  the  phenomenally  rapid  progress  made  during  the  last  decade  in 
the  press  working  of  sheet  metals  by  the  Introduction  of  compound, 
combination,  sub-press,  and  gang  dies,  automatic  roller  and  dial 
feeds,  the  simpler  operations  on  the  power  press.  Instead  of  becoming 
subject  to  similar  Improvement*  have  been  sadly  neglected.  It  is  there- 
fore not  out  of  place  to  refer,  shortly,  to  the  basic  elements  of  the 
art  of  using  and  making  dies.  Although  the  following  discussion 
originally  was  Intended  to  apply  to  one  particular  line  of  presses,  the 
suggestions  brought  forward  may  be  applied  with  slight  modifications 
to  any  make  of  upright  power  press  on  the  market  to-day. 

It  is  not  so  generally  known  as  it  should  be  that  the  inclining  of  a 
press  adds  materially  to  its  productive  capacity.  This  advantage  is 
almost  doubled  when  the  same  belt  may  be  used  in  both  positions, 
permitting  the  change  to  be  readily  made  without  undue  loss  of  time. 
Many  users  make  it  a  rule  to  incline  the  press  on  all  operations  except 
"push  through"  Jobs,  that  is.  on  all  work  which  does  not  drop  through 
the  i)ed  of  the  press.  It  Is  then  simply  necessary  to  feed  the  work 
to  the  dies,  allowing  It  to  drop  out  by  gravity.  To  permit  the  use 
of  the  same  belt  for  both  positions,  the  press  should  be  so  placed  on 
the  floor  that  the  center  of  the  shaft  when  in  its  inclined  position 
is  the  same  distance  from  the  line  shaft  as  it  is  when  the  press  is 
upright 

While  there  are  many  dlemakers  who  advocate  the  use  of  a  sepa- 
rate cast  iron  bolster  for  each  die,  it  Is  advantageous  to  use  bolsters 
made  of  cast  steel,  which  are  largely  used  by  Western  shops.  There 
are  two  made  for  each  press,  one  for  cutting  dies  and  one  for  bending 
and  forming  dies,  the  construction  of  compound  and  combination  dies 
remaining  unchanged.  By  this  system  the  separate  dies  are  inter- 
changeable on  any  press;  they  occupy  less  space  on  the  shelves  of 
the  tool-room,  and  Inasmuch  as  all  strippers  and  gages  are  fastened 
directly  to  the  die  instead  of  to  the  bolster,  they  never  become  lost 
when  changing  from  one  job  to  another.  The  desirability  of  using 
standard  hexagon  head  cap  screws  to  hold  down  strippers,  gages,  etc., 
should  be  impressed  upon  dlemakers.  The  strippers  on  any  die  may 
then  be  removed  to  facilitate  correct  setting  of  the  die,  and  then 
replaced  In  position — something  impossible  on  slotted  head  screws 
except  by  using  an  angle  screw-driver. 

There  is  little  room  for  Improvement  In  the  cast  Iron  punchholder. 
One  might  suggest,  however,  the  use  of  solid  piercing  punches  in  place 
of  the  drill-rod  surrounded  by  a  soft  steel  sleeve  riveted  to  a  punch-pad. 
Wherever  possible,  it  is  advisable  to  do  away  with  the  old-fashioned 
soft  steel   punch   sleeve,   and   to   let   the   punches   Into   their  holders 
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either  by  turning  a  round  shank  on  them,  or  dove-tailing  them  into  the 
cast  iron  holder  in  the  same  manner  as  the  die. 

In  planing  up  the  die-blank  it  is  well  to  remember  to  take  a  very 
slight  cut  from  the  bottom  and  a  cut  about  twice  as  deep  from  the  top. 


Fiff.  oa.  Fiff.  00. 

This  removes  the  decarbonized  surface  from  the  cutting  face  where  it 
needs  most  to  be  done,  but  leaves  it  on  the  bottom  where  the  die  may 
remain  soft  Where  there  is  a  scarcity  of  10-degree  parallels,  two 
pieces  of  drill-rod  between  the  Jaws  of  the  vise  may  be  arranged  to 


liiliii' 


rr 


v 


".z^'M:::- 


I     I 


piff.eo  piff.ei.  Fiff.ofl. 

steps  Id  tlie  ■rolatlon  of  Prsss  Tools  for  Oopper  Oonnsotors  shown  la  nff*  M* 

give  the  correct  angle,  as  shown  in  Fig.  58.  Quarter-inch  drill-rod  is  the 
size  to  use  when  the  jaws  are  1 9/16  inch  high.  Where  intricate 
shapes  must  be  drilled  out  with  small  drills,  the  holes  may  be  laid 
out  a  trifle  close  together,  and  the  i3hank  of  an  old  drill  of  the  same  size 
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pushed  into  the  first  hole  drilled.  This  will  prevent  the  drill  from 
running  too  far  into  the  previously  drilled  hole,  and  by  proceeding 
in  this  manner  all  around  the  outline,  the  core  to  be  removed  will 
drop  out  without  the  use  of  chisel  or  drift.  The  amount  of  draft  on 
some  blanking  dies  which  are  combinations  of  drilled  holes,  as,  for 
instance,  the  shape  in  Pig.  59,  may  be  infallibly  indicated  by  reaming 
these  holes  from  the  back  of  the  die  as  though  they  were  simple 
piercing  dies.  Where  extreme  accuracy  is  essential,  or  a  die  is  too 
large  to  be  made  of  a  single  forging,  the  use  of  sectional  dies  becomes 
imperative.  While  the  first  cost  of  a  well-made  die  of  this  kind  is 
higher  than  that  of  a  solid  die,  still  the  ease  of  repair  and  uniformity 
of  production  of  this  type  of  die  make  it  advantageous  in  the  long  run. 
The  dies  shown  in  the  illustrations  serve  to  emphasize  the  main 
features  of  this  discussion.  Fig.  60  shows  a  die  as  originally  made 
for  the  three  copper  connectors  shown  in  Fig.  65.  It  is  a  plain  cut- 
ting-oft  die,  having  the  different  holes  placed  in  the  die  at  the  proper 
center  distances  apart.  By  means  of  a  suitable  adjustable  gage  and 
by  placing  one  of  the  piercing  punches  in  its  proper  position  in  the 
punch-holder,  the  three  difterent  sizes  of  connectors  shown  in  Fig.  65 


-L 


^> 


-<> 


-e 


-0-1- -e- 


Flff.08. 


I 
Kg. 


4<^ — f- 


Flff.66. 


may  be  produced.  However,  during  the  process  of  improvement  of  the 
device  on  which  these  connectors  were  used,  it  became  necessary  to 
change  the  center  distances  between  the  holes  and  also  to  produce 
three  longer  ones.  The  die  shown  in  Fig.  61  was  at  first  considered 
adequate,  but,  on  account  of  the  quantity  required,  the  scrap  produced 
by  the  cutting  punch  was  considered  objectionable.  Leaving  the  pierc- 
ing punches  in  the  same  position,  the  shape  of  the  cutting-ofF  punch 
was  changed,  as  shown  in  Fig.  62,  and  a  corresponding  V  groove 
planed  in  the  die.  In  connection  with  stripper  and  gage  (not  shown) 
this  die  allows  the  production  of  an  indefinite  number  of  connectors  of 
difPerent  center  distances. 

The  die  shown  in  Fig.  66  impresses  the  fact  that  the  slitting  shear  is 
a  valuable  auxiliary  to  any  press.  The  metal  for  the  production  of 
the  copper  segment  %  inch  thick,  shown  in  Fig.  64,  ordinarily  would  be 
cut  a  little  wider  than  the  length  of  the  blank  so  as  to  allow  the  punch 
to  cut  all  around.  But  in  all  cases  where  at  least  two  sides  of  a  blank 
are  parallel,  the  stock  may  be  cut  the  exact  width  of  the  parallel  por- 
tion of  the  blank  in  the  slitting  shear,  and  then  the  pieces  may  be 
punched  and  cut  ofF  two  at  each  stroke  of  the  press,  as  shown  in  the 
die  in  Fig.  67.    There  is  one  inherent  drawback  to  this  form  of  die, 
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and  that  is  the  tendency  of  the  punch  to  lift  up  the  end  blank  while 
cutting  it  off  and  produce  a  badly  beveled  edge.  But  if  this  portion  of 
the  strip  is  securely  held  down  by  the  clamping  device  on  the  die  as 
shown,  the  punch  will  have  the  same  effect  on  both  sides  of  the  blank, 
cutting  it  oft  squarely.  The  gage  and  stripper  held  down  by  the  cap- 
screws  can  be  made  a  better  fit  on  the  stock  than  ordinarily,  because 
it  is  not  necessary  to  lift  it  up  past  a  stop  pin  fastened  to  the  die 
to  enable  the  operator  to  feed  the  strip.  By  inclining  the  press, 
allowing  one  blank  to  slide  out  when  released  by  the  clamp,  and  letting 
the  punched  one  drop  through,  two  complete  blanks  are  produced  at 
each  stroke  of  the  press,  with  almost  no  scrap. 

The  extension  punch  and  die  in  Fig.   67  is  quite  useful  on  work 
which  is  commonly  beyond  the  scope  of  the  press,  such  as  the  sheet 


Machinery^  S.  Y. 
Plff.  69.   Di«  for  Punohlnir  without  Waste  the  Pieces  shown  U  Fiff.  <M. 

iron  box  shown  in  Fig.  63.  This  forms  the  sides  of  a  slate-bottomed 
switch  cabinet  used  on  the  old  Manhattan  Railway  cars  when  they 
were  equipped  with  electricity. ,  The  operations  on  this  box  included 
the  bending  of  the  2  by  %  inch  strap  iron  in  four  places,  forming  the 
lap  Joint,  and  riveting  same.  .  The  cut  shows  the  punch  and  die 
(without  necessary  stops  and  gages)  in  position  for  bending  the  cor- 
ners. The  front  clamping  plate  is  removed  from  the  ram  and  a  cast 
steel  extension  bolted  in  its  place  with  the  same  bolts.  The  large 
hook  bolt  extending  into  the  hole  in  the  ram  and  drawn  up  by  the 
nut  outside,  Is  required  to  support  the  extension  during  the  strain  of 
bending.  To  allow  the  stock  to  clear  the  front  of  the  press  when  bent 
into  shape,  the  distance  A  in  Fig.  67  should  be  a  little  more  than 
half  the  width  of  the  strap  iron  to  be  bent,  and  to  avoid  fouling  the 
flywheel,  corner  x  in  Fig.  63  should  be  the  first  one  bent  after  the  lap 
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has  been  formed,  and  then,  in  rotation,  comers  y,  z  and  a.  When  run- 
ning the  press  at  its  accustomed  speed  on  this  job  the  ends  of  the  bent 
piece  moved  rather  too  fast  for  comfort,  and  it  was  therefore  necespary 
to  cut  down  the  speed  of  the  flywheel  by  inserting  resistance  in  the 
armature  circuit  of  the  motor  which  drove  the  line  shaft  to  which 
three  of  these  presses  were  belted.* 

Method  of  Locating  Stock  in  Dies. 
When  a  job  will  not  warrant  the  expense  of  a  sub-die,  the  device 
shown  in  Fig.  68  will  help  wonderfully  toward  producing  accurate 
punchings.  To  simplify  the  explanation,  the  die  shown  is  to  cut 
washers,  the  holes  being  eccentric  with  the  outside.  The  die  is  laid  out 
the  same  as  any  double  die,  but  the  stop  pin  O  is  added,  and  as  will 
be  noted,  the  extension  K  does  not  come  out  of  the  die.    If,  however. 


Fig.  0*7.    Dl«  tor  Oom«r  of  Bh«et  Iron  Box. 

one  depends  entirely  on  this  stop  pin,  the  result  will  not  be  satisfac- 
tory, because,  when  the  stock  is  pulled  against  the  stop  pin,  the  web 
between  the  blanked  places  will  bend  a  trifle,  especially  if  the  stock  is 
thin.  Therefore  the  long  pins  H  are  added,  and  as  these  long  pilots 
or  traveling  dowels  are  well  pointed,  and  are  considerably  longer  than 
the  punches,  they  of  course  enter  the  holes  and  force  the  stock  back 
to  its  proper  location.  The  pilots  flt  two  holes  in  the  die,  and  they 
therefore  act  as  dowels  while  the  punch  is  cutting.  The  pilots  and  the 
spring  butts  L  keep  the  stock  pressed  firmly  against  the  gage  side  of 
the  stripper,  and  the  stock  can  vary  1/16  inch.  With  this  construction 
the  operator  is  enabled  to  keep  the  press  running  constantly  to  the  end 
of  the  strip.    At  each  stroke  the  punch  G  cuts  out  the  web  and  allows 

•  H.  J.  Bachmann,  July,  1906. 
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the  stock  to  slide  along  to  the  next  web,  and  there  is  absolutely  no 
possibility  of  the  stock  jumping  the  stop. 

As  -washer  or  small  wheel  dies  are  generally  made  to  cut  four  or 
more  blanks  at  one  stroke,  the  following  method  of  transferring  the 
holes  to  stripper  and  punch-holder  will  be  of  benefit  to  some  mechanics. 
If  the  punches  are  small,  it  is  advisable  to  make  the  stripper,  say, 
^t  inch  thick,  and  dowel  it  with  four  good-sized  pins  to  the  die.  The 
holes  through  the  stripper  are  bored  to  fit  the  punches  nicely.  This 
will  act  as  a  guide  and  prevents  the  punches  from  shearing.  When 
the  stripper  is  doweled  to  the  die,  we  lay  out  the  former  with  buttons 
or  by  other  methods  governed  by  accuracy  demanded,  and  each  hole  in 
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turn  is  indicated  and  bored  through  the  stripper  and  die.  If  the  holes 
are  so  small  that  they  will  not  readily  admit  boring  to  such  length, 
the  stripper  may  be  bored  and  removed  and  the  die  then  bored.  The 
die  must,  of  course,  be  fastened  in  such  a  manner  that  the  stripper 
can  be  removed  without  loosening  the  die.  If  properly  doweled,  the 
punch-holder,  stripper  and  die  can  be  bored  together,  thus  insuring 
perfect  alignment  of  the  punches  and  the  die. 

Making*  an  Irregular  Shaped  Die. 
Fig.  69  shows  a  time-saver,  as  the  die  can  be  made  easier  and  better 
because  the  parts  can  be  ground  to  size  instead  of  the  die  being  filed 
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out.  Another  advantage  is  that  if  the  pieces  warp  in  hardening  they 
can  be  ground  into  shape  again.  The  pieces  Af  are  shrunk  on  the  sec- 
tions, holding  them  securely  together.  The  holes  N  are  drilled  for 
clearance  for  the  emery-wheel  when  grinding  to  size.  The  straps  M 
are  made  a  trifle  shorter  than  the  die  over  all,  say  1/16  inch  to  the  foot, 
and  are  heated  red  hot  in  the  middle  and  placed  in  position  while  hot, 
and  rapidly  chilled.  After  these  pieces  are  shrunk  on,  the  dowels  are 
transferred  in^to  the  bolster. 

Another  good  kink  when  making  irregular-shaped  punches  that  are 
to  cut  thin  stock  is  to  make  them  of  machine  steel  and  case-harden 
them.    Soft  steel,  case-hardened,  does  not  change  its  form  as  much  as 
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Flff .  00.    Bzample  of  BuUt-np  Die. 

tool  Steel,  and  even  if  the  punch  does  change  a  trifle,  the  interior  is 
soft  and  can  be  readily  forced  back  to  position.  The  outside  being 
hard,  the  punch  will  wear  nearly  as  long  as  one  made  from  tool  steel, 
for  practically  the  only  wear  on  a  punch  is  when  passing  through  the 
stock.  For  thin  brass  the  punch  works  well  when  made  of  tool  steel 
and  left  soft,  and  when  worn  badly  the  punch  can  be  peened  on  the  face 
enough  to  upset,  and  then  sheared  into  the  die.  When  cutting  a  heavy 
blank,  it  is  a  good  plan  to  grind  the  die  so  that  the  surface  is  quite 
rough,  as  the  high  spots  then  cut  a  trifle  ahead  of  the  low  points.  This 
will  cause  the  die  to  run  longer  between  grindings  and  is  also  easier 
on  the  press,  while  with  a  die  that  is  ground  perfectly  smooth  the 
entire  cutting  surfaces  of  punch  and  die  meet  simultaneously,  and  the 
entire  cutting  surface  of  punch  and  die  are  placed  under  a  tremendous 
strain.  By  grinding  the  die  slightly  lower  on  each  end,  thus  producing 
a  shearing  cut,  the  die  will  last  longer. 
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What  will  greatly  reduce  the  chances  of  springing  in  hardening  of 
an  irregularly  shaped  punch  or  die  is  to  thoroughly  anneal  it  after 
it  has  been  machined  nearly  to  size.  This  will,  of  course,  not  entirely 
remove  chances  for  accidents,  as  the  prime  cause  of  cracks  and  distor- 
tion of  work  is  to  be  found  in  the  operators'  way  of  handling  the 
piece  to  be  hardened.  An  illustration  of  what  takes  place  when  hard- 
ening may  be  given  by  referring  to  the  die  shown  in  Fig.  70.  If  we 
place  the  die  in  the  fire,  the  points  C  will  heat  and  expand  quicker 
than  thQ  main  body  of  the  die,  and  there  must  be  a  sort  of  a  "pushing" 
effect  between  the  points  O  and  the  main  body  of  the  die.  For  this 
reason  we  heat  "slowly  and  evenly."  Now,  when  we  dip  the  die  in  the 
bath,  the  points  C  immediately  become  chilled,  and,  of  course,  contract 
while  the  main  body  is  still  red  hot.  Assuming  that  the  points  have 
become  entirely  cooled,  there  must  be  a  line  that  separates  the  part 


Flf.  70.    Di«  Of  Irreffolar  Shape  ButiJeoted  to  Heavy  Strains  In  Hardeolns. 


that  has  been  cooled  off  from  the  red-hot  part.  It  must  follow  that 
when  the  main  body  begins  to  contract  there  is  a  powerful  strain  at 
the  line  that  separates  the  parts  contracting  at  different  times.  For 
this  reason  the  die  should  be  removed  when  quite  warm;  this  allows 
the  heat  to  run  out  into  the  points  and  the  contraction  will  be  more 
even.  If  allowed  to  cool  in  the  bath  there  is  apt  to  be  a  crack  at  D. 
Polish  the  die  to  draw  the  temper,  and  do  not  depend  on  getting 
an  even  temper  by  drawing  the  die  when  it  is  dirty,  as  one  part  may 
draw  faster  than  another. 

Doweling  Hardened  Parts. 

When  making  pieces  such  as  sections  of  a  built-up  die,  or  any  piece 
having  dowel  holes,  it  invariably  happens  that  the  dowel  holes  do  not 
line  up  after  hardening.  One  way  to  overcome  this  trouble  is  to  tap 
the  dowel  holes  a  trifle  larger  than  the  dowels  to  be  used,  and  after 
the  piece  is  hardened,  screw  in  soft  plugs  and  file  them  off  flush  with  the 
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work;  when  the  piece  is  screwed  in  its  proper  place,  the  dowel  holes 
are  drilled  and  reamed  through  the  soft  screw  hushlngs.  This  will 
save  a  great  deal  of  unsatisfactory  Istpping.* 

Construction  of  Dies  to  Prevent  Breakaire  in  Hardenln^r* 
Another  method  of  preventing  breakage  in  hardening  of  dies  with 
small  projecting  tongues,  as  shown  in  Fig.  70,  is  to  construct  the  die 
in  the  manner  outlined  below.  The  die  is  first  filed  or  machined  in  the 
regular  way,  with  the  exception  that  the  two  tongues  are  left  out. 
In  line  with  the  center  of  the  tongues  and  at  a  certain  distance  from 
the  cutting  edge,  holes  are  drilled  larger  than  the  width  of  the  tongues. 
These  are  taper  reamed  from  the  top  with  a  standard  taper  reamer. 
A  slot  is  then  cut  from  the  holes  into  the  die  the  same  size  as  the 


Piff .  7L    Method  of  ICaklns  Dies  to  Prevent  Breakage  In  Hardening. 

tongue,  when  the  die  would  look  as  shown  in  Fig.  71.  We  now  make 
two  piecegl  to  fit  in  the  holes,  and  extend  out  the  required  distance, 
making  sure  that  they  will  be  a  drive  fit  after  hardening.  It  is  best 
if  the  pieces  are  1/32  inch  longer  than  the  thickness  of  the  die,  so 
that  they  can  be  ground  flush  after  being  driven  into  place.  While 
this  may  increase  the  cost  of  producing  the  die,  yet,  if  from  any  acci- 
dent one  or  both  tongues  should  be  broken,  they  are  easily  replaced 
without  the  necessity  of  annealing  the  die.** 

Fig.  72  shows  a  very  good  method  of  making  a  die  that  is  to  contain 
a  number  of  identically-shaped  teeth  or  points,  such  as  dies  for  gear 
blanks,  etc.  While  not  being  the  most  accurate  method  known,  it  is 
considered  that  for  all  work  intrusted  to  a  punch  and  die  the  method 
illustrated  will  be  sufficiently  accurate.  A  set  of  broaches  are  made, 
as  shown  in  the  cut,  the  number  of  steps. being  governed  entirely  by 
the  length,  or  depth,  of  the  teeth.  The  pilot  fits  the  hole  in  the  die, 
which  is  the  diameter  at  the  top  of  the  teeth,  and  each  step  on  the 
broach   is   0.002  inch  larger  than  the  preceding  step.     The  broaches 


•  F.  E.  Shailor,  March,  1907. 
**K,  U  Boss,  September,  1007. 
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are  made  on  centers  and  necked  in  at  Q  to  allow  clearance  for  the 
chips.  With  a  cutter  of  the  proper  shape  the  teeth  are  then  milled  on 
the  hroaches,  using  the  dividing  head  on  the  miller.  After  cutting 
the  teeth  on  all  of  the  broaches,  the  teeth  on  the  punch  should  be  cut 
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Fiff.  72.    Broach  for  mAklnff  Dies  for  Oear  Blanks,  etc. 

at  the  same  setting.  The  broach  is  then  hardened  and  ground  on  the 
faces  as  indicated.  When  used,  each  successive  step  is  driven  through 
the  die  until  the  last  step  is  reached,  and  this  should  be  driven  through 
as  many  times  as  there  are  teeth  in  the  broach,  turning  it  one  tooth 
each  time.  By  doing  this,  whatever  error  may  have  been  caused  by 
hardening  is  overcome.* 


*  F.  B.  Shallor,  January.  1904. 
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BXAMPLB&  OP  DIBS  AND  PUNCHBS. 

In  the  following  are  given  a  few  examples  of  the  design  and  con- 
struction of  dies  and  punches,  selected  because  they  are  very  iaterest- 
Ing  and  ingenious  in  their  action.  The  die  in  Fig.  73  was  designed 
by  Mr.  Thomas  Gierding,  of  the  New  paven  Clock  Company.  This  die 
performs  five  distinct  operations  before  the  piece  shown  in  the  upper 
left-hand  corner  of  Fig.  73  is  dropped  completed  from  the  press. 

In  constructing  this  die  it  was  not  deemed  practicable  to  make  it 
of  one  solid  piece,  since  one  small  flaw  would,  in  this  case,  spoil  the 
entire  die.  A  die  block  of  machine  steel  was  therefore  used,  having 
recesses  counterbored  for  the  insertion  of  tool  steel  bushings.  These 
recesses  were  accurately  spaced  by  the  method  illustrated  in  Fig.  74. 
One  side  and  one  end  of  the  die  block  were  machined  perfectly  square, 
and  a  center  line  drawn  lengthwise  on  the  face  of  the  block.  The 
location  of  the  recesses  was  approximately  laid  out  with  lead  pencil 
and  the  recess  A  bored  in  the  lathe,  by  strapping  the  block  to  the 
faceplate.  Before  loosening  the  straps  by  which  the  block  was  held, 
the  parallels,  B  and  C,  bearing  against  the  finished  edges  of  the  block, 
were  strapped  to  the  faceplate.  The  straps  holding  the  block  were 
then  loosened  and  the  block  moved  along  the  strip  G  suflSciently  to 
allow  for  the  insertion  of  the  spacing  block,  D,  which  had  previously 
been  made  of  the  required  size.  The  die  block  was  then  fastened  and 
the  hole  E  recessed.  By  repeating  this  operation,  and  adding  a  block 
each  time  until  all  of  the  recesses  were  bored,  it  was  possible  to  space 
the  die  far  more  accurately  than  would  have  been  possible  by  the 
time-honored  method  of  laying  it  out  with  dividers.  The  punch  holder 
and  the  stripper  were  then  bored  in  the  same  manner,  using  the  same 
spacing  blocks. 

The  bushings  F,  O,  H,  J,  J,  K,  were  next  made,  and  after  being 
hardened  they  were  lapped  to  size.  The  outside  of  the  bushings  was 
ground  concentric  with  the  hole,  by  wringing  the  bushing  on  a  piece 
of  soft  steel  held  in  the  chuck  and  turned  to  fit  the  hole  in  the  bush- 
ing. The  bushings  were  then  forced  in  the  die  block  and  the  die  was 
completed.  The  punches  were  ground  all  over,  to  insure  straightness, 
and  they,  in  turn,  were  forced  into  the  punch  holder.  The  drawing 
and  forming  punches  L  and  M  were  held  with  setscrews  to  prevent 
them  from  being  pulled  out. 

In  using  a  die  containing  two  or  more  punches,  considerable  trouble 
is  sometimes  experienced  on  account  of  the  variation  in  width  of  the 
stock  to  be  punched.  Should  the  stripper  be  planed  to  fit  one  of  the 
strips  of  stock  very  nicely,  the  chances  are  that  the  next  strip  would 
not  enter  the  stripper  at  all.    The  part,  N,  shown  in  the  plan  of  the 
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die,  Is  a  novel  and  practical  way  in  which  this  trouble  is  oyercome. 
The  stripper  is  planed  out  1/16  inch  widdr  than  the  stock  and  recessed 
to  allow  the  spring  guide  N  to  slide  freely  when  the  stripper  is  in 
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Flgr.  78.   Punch  »nd  Die  for  Performlsff  Five  DlsUnot  Operatlona. 

position  in  the  die.  By  glancing  at  the  sketch  the  reader  can  readily 
see  how  the  springs  keep  the  stock  pressing  against  the  gage  side  of 
the  stripper.    The  punch  0  does  not  perform  any  work  pertaining  to 
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the  finished  blank,  but  Is  used  for  cutting  out  the  web  In  the  stock  In 
order  to  allow  the  strip  to  move  along  until  the  next  web  touches  the 
stop  pin.  As  the  stop  pin  P  does  not  come  out  of  the  stock  It  Is  there- 
fore Impossible  to  "Jump"  the  stock  and  make  a  miscut,  which  would 
mean  disaster  to  the  drawing  and  forming  punches. 

After  setting  up  the  die  in  the  press,  the  punches  of  course  descend 
five  times  before  a  single  finished  piece  appears,  but  thereafter  a  fin- 
ished piece  drops  at  each  stroke  of  the  press.  The  first  punch,  begin- 
ning at  the  left.  Indents  the  stock,  and  the  punch  is  so  adjusted  that 
the  face  of  the  punch  levels  the  stock.  The  second  punch  pierces  the 
bottom  of  the  indentation.  The  next  punch  draws  the  stock,  and  at 
the  same  time,  forms  the  feather  shown  in  the  finished  piece.  The 
fourth  is  the  forming  punch  and  the  last  punch  does  the  blanking. 


ifachttterg,y.Y, 
Flff.  74.    BpaolBff  the  Holes  In  the  Die  In  Plff.  78. 

Another  interesting  die  Is  shown  in  Fig.  75.  This  die  contains  sev- 
eral novel  features  that  will  be  found  valuable  to  many  engaged  in 
die  making.  As  the  sub-press  die,  the  frames,  and  the  power  presses  are 
of  standard  dimensions,  it  too  frequently  occurs  that  a  die  of  a  certain 
size  requires  specially  made  frames,  and  possibly  a  specially  made 
press.  The  cut.  Fig.  75,  shows  a  practical  way  to  construct  a  die  that 
not  only  is  a  compact  self-contained  die,  but  can  be  fitted  to  any  style 
of  press  (of  sufllcient  strength),  having  any  length  of  stroke. 

This  particular  die  was  designed  to  produce  the  disk  shown  at  A, 
Fig.  76,  and  previous  to  its  introduction  the  disks  were  blanked  out 
with  a  plain  open  die  and  then  leveled  by  hand.  The  disks  are  of 
aluminum,  99  per  cent  pure,  and,  therefore,  very  soft,  and  as  it  is  very 
essential  that  they  should  run  as  true  as  possible,  great  dlfllculty  was 
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experienced  In  leveling  them.  The  corrugating  mats  B  B  were  designed 
to  level  the  disk  and  also  to  set,  or  stiffen  the  metal,  and  they  proved 
a  success,  for  when  the  disks  leave  the  die  they  are  as  nearly  level  and 
true  as  is  possible  to  make,  and  so  stiff  that  they  can  be  handled  quite 
roughly  without  injury.  The  disk  was  not  corrugated  its  entire  sur- 
face owing  to  the  fa^t  that  the  mat  would  be  obliged  to  act  as  the 
blanking  punch,  and  if  the  corrugations  extended  clear  to  the  edge  of 
the  mat,  it  could  not  be  sharpened  when  dull.  Therefore  the  rings 
C  D  were  introduced.  The  ring  C  acts  as  the  blanking  punch,  and  ring 
D  acts  as  a  leveling  ring.  The  die  is  guided  by  means  of  two  guide 
or  pilot  pins,  EE,  Fig.  76,  and  as  the  gate  of  the  press  descends,  the 
rings  C  D  are  the  first  to  act  on  the  stock  to  be  punched,  gripping  it 
from  above  and  below  and  holding  the  stock  securely.  Then,  as  the 
press  continues  downward,  the  rings  settle  back,  still  holding  the  stock, 
and  the  mats  B  B  grip  the  blank. 

The  rubber  spring,  which  is  one  of  the  features  of  the  design,  exerts 
an  increasing  pressure  on  the  metal,  pressing  it  Into  the  corrugations 


m 


ePftlNQ  FOR  FORCINO 

/     OtSKSLEVEk   ■ 


MACH.  STEEL 
HOLDER 


oieG 

STRIPPER  PLATE  ^ 


r,-^., ^  RING  PUNCH  C    /PIERCfNG^OlE  ) 


LE^EUNO  RINO 

AND  STRIPPER 

iR  rORRUOATINO  DISKS 


^ 


^ 


^^^ 


Flff.  76.   Vertloal  B«otlon  through  BQb«pres0  Die  shewn  in  Fig.  70. 

on  the  mats.  The  press  Is  so  adjusted  that  the  ring  0,  which  is  the  . 
blanking  punch,  comes  exactly  flush  with  the  die  G.  but  does  not  enter. 
On  the  upward  stroke  of  the  press,  the  springs  and  rubber  plate  force  the 
moving  parts  back  to  their  original  position,  and  force  the  disk  out 
of  the  die,  and  the  surplus  stock  off  the  ring  C.  The  rubber  plate  can 
be  advantageously  used  in  a  small  place  where  a  very  strong  spring 
is  required.  The  tension  or  spring  effect  is  obtained  by  cutting  holes 
H  in  the  plate.  Fig.  77.  The  more  holes  there  are  in  the  plate,  the 
weaker  the  tension,  as  the  holes  permit  the  surrounding  rubber  to 
squeeze  into  them.  On  the  other  hand  if  no  holes  were  cut  in  the  rubber 
plate,  and  the  same  fltted  the  recess  in  the  die  bored  for  it,  there  would 
bo  no  more  spring  effect  than  if  a  metal  plate  were  used.  Rubber  doee 
not  compress,  but  merely   changes  shape.    Another  novel  feature  is 
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that  the  guide  pins  are  automatically  lubricated  at  each  stroke  of  the 
press.  The  pins  run  in  the  babbitt  boxes  //,  Fig.  76,  which  have  four 
grooves,  J,  cut  the  entire  length  of  the  babbitt,  and  an  oil  chamber 
or  reservoir  K  recessed  near  the  top.  A  quantity  of  oil  is  placed  in 
the  bottom  of  the  box  and  as  the  pins  descend  they  force  the  oil  up 
through  the  grooves,  J,  into  the  reservoir,  and  as  the  pins  ascend  they 
form  a  partial  vacuum  at  the  bottom  of  the  box,  which  sucks  the  oil 
back  to  the  bottom. 

Space  will  not  allow  describing  the  methods  employed  when  making 
each  part  of  the  die,  but  it  will  suffice  to  say  that  with  the  exception 
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Plff.  70.   Bide  Blevatlon  of  Die  shown  is  emotion  in  Pig.  75,  and  Bample  of  Work. 

of  the  mats,  screws  and  holder,  the  parts  were  hardened  and  accu- 
rately ground,  making  a  smoothly  running  die.  It  might  be  well, 
however,  to  mention  the  method  employed  in  making  the  square 
springs  L. 

It  is  well  known  what  a  difficult  Job  it  Is  to  wind  a  heavy  coil 
spring  and  have  it  a  given  diameter  on  the  inside  and  outside,  when 
finished.  A  large  spring  is  generally  made  by  heating  wire  red  hot, 
and  winding  as  many  coils  as  possible  before  cooling,  then  reheating 
and  winding  more  coils.     The  springs  LL  were  made  by  gripping  a 
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piece  of  round  tool  steel  In  the  lathe  chuck,  turning  It  to  the  given 
outside  diameter.  The  lathe  was  then  geared  to  cut  a  coarse  pitch 
.  thread  and  with  a  square  thread  tool,  the  thread  was  cut  sufficiently 
deep.  The  Inside  of  the  sprlng-to-he  was  then  bored  out  to  the  proper 
diameter,  leaving  a  spring  the  colls  of  which  are  evenly  spaced,  thereby 
causing  each  coll  to  perform  equally  Its  share  of  the  work.  With  a 
wound  spring  the  coils  are  very  seldom  equally  spaced,  and  when 
under  pressure  there  Is  a  greater  strain  on  the  coils  furthest  apart, 
causing  the  spring  to  either  "set"  or  break  at  that  point 
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Fiff.  77.    Bprlnff  Rubber  Flat*. 

After  all  parts  of  the  die  were  completed,  the  die  was  assembled, 
leaving  out  the  springs.  The  upper  and  lower  part  were  then  brought 
together  until  the  punches  entered  the  dies,  care  being  exercised  that 
the  upper  and  lower  part  of  the  die  were  perfectly  parallel  with  each 
other.  The  boxes  //  were  then  babbitted,  first  treating  the  guide  pins 
with  a  light  coating  of  flake  graphite  and  oil  to  prevent  the  babbitt 
sticking  to  the  pins.  The  writer  considers  that  a  large  die  of  the  above 
description  is  far  superior  to  the  ordinary  sub-press  die,  inasmuch  as  it 
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Is  more  compact,  and  also  does  away  entirely  with  the  cumbersome 
cast  Iron  frame. 

Fig.  78  shows  a  die  that  is  designed  to  take  the  place  of  the  plain, 
open,  double  die.  The  ordinary  double  die  is  made  with  the  stripper 
fastened  to  the  die  and  planed  out  to  allow  the  stock  to  slide 
through.  The  unsatisfactory  results  obtained  when  using  a  die  of 
this  style  are  well  known.  The  greatest  fault  is  that  no  two  blanks  are 
exactly  alike,  owing  to  the  fact  that  the  stock  is  wrinkled  and  does  not 
lie  level  on  the  die.  As  the  punches  descend,  they  pierce  the  stock 
without  leveling  same,  and  as  the  blanks  are  afterward  leveled,  it  is 
found  that  the  pierced  holes,  being  unevenly  spaced,  will  not  allow  the 
blanks  to  interchange.  By  .making  the  die,  as  shown  in  Fig.  78,  with 
the  stripper  plate  M  fastened  to  the  punch-holder  and  with  a  stiff  coil 
spring  at  each  comer,  and  so  adjusted  that  the  punches  do  not  come 
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Flff.    78.    Die  with  Bferlpper  Attached  to  Punoh  to  Flatten  Stock. 

quite  flush  with  the  face  of  the  stripper,  the  above-mentioned  trouble  is 
nearly  eliminated.  On  the  downward  stroke  of  the  press  the  stripper  M 
presses  the  stock  firmly  against  the  die,  holding  it  level  while  the 
punches  perform  their  work.  The  stock  is  guided  by  means  of  a  small 
pin  N  at  each  end  of  die.  The  stripper  should  not  fit  the  punches;  for 
if  the  operator  should  make  a  miscut,  or  should  a  piece  of  scrap  punch- 
ing get  under  the  stripper,  it  would  cause  it  to  tilt  and  bring  disaster 
to  the  small  punches. 

Another  valuable  feature  in  this  die  is  the  manner  in  which  the 
piercing  punches  O  O  are  constructed.  Ordinarily  piercing  punches  are 
made  solid,  and  if  one  breaks,  it  necessitates  making  a  whole  new 
punch  or  grinding  the  other  punches  down  to  the  same  length,  greatly 
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shortening  the  life  of  the  die.  The  punches  shown  at  0  0  are  designed 
to  overcome  this  trouble.  A  holder  P  is  made  and  left  soft,  into  which 
the  punch  (or  rod)  0  is  inserted,  being  backed  up  by  the  screw  Q  and 
prevented  from  pulling  out  by  maans  of  the  screws  R.  Then,  should 
one  of  the  punches  "flake"  off,  that  same  punch  can  be  ground  and 
then  forced  out  by  means  of  the  screw  Q  until  it  is  at  the  same  height 
as  the  others.  This  style  of  piercing  punch  greatly  increases  the  life 
of  a  die.  This  die  can  be  made  either  with  or  without  the  guide  pins 
EE,  in  Fig.  76.  If  made  without  the  guide  pins  it  is  necessary  to 
use  the  straps  S  to  allow  aligning  the  punches  with  the  die  when  "set- 
ting up"  in  the  press.  The  stripper  is  forced  back  and  the  straps  in- 
serted in  the  holes  T  T.  After  the  die  is  "set  up"  and  securely  fastened, 
the  straps  are  removed. 

All  presses  in  which  double  dies  are  used  should  be  provided  with 
a  separator,  which  is  a  piece  of  sheet  metal  fastened  underneath  the 
press   to  separate  the  scrap  punchings  from  the   blanks.     It  is   fre- 
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Flff.  70.    Machine  for  Beparatlaff  Blanka  fk-om  StoOk  Strips. 


quently  noticed  that  in  factories  where  no  separator  is  used,  the  cost 
of  sorting  the  blanks  from  the  scrap  is  in  excess  of  the  cost  of  blank- 
ing. A  sub-press  die  leaves  the  blanks  in  a  strip  of  stock.  If  the 
stock  is  over  0.02  inch  thick,  considerable  trouble  is  experienced  in 
removing  the  blanks.  Fig.  79  shows  a  means  whereby  the  blanks  are 
forced  from  the  strip  without  marring  them.  V  represents  a  soft  rub- 
ber wheel,  which  is  supported  on  the  sides  nearly  to  the  edge  by  the 
washers  Y.  The  angle  iron  W  is  provided  with  adjustable  guides  X 
and  is  recessed  at  Y  to  receive  bushings  having  different  sized  holes. 
A  bushing  is  inserted  in  the  angle  iron  having  a  hole  somewhat  larger 
than  the  blanks  to  be  forced  out.  The  guides  X  are  then  adjusted 
to  allow  the  strip  to  slide  freely.  The  angle  iron  is  then  raised  by 
loosenfng  the  bolt  Z  until  sufficient  pressure  is  brought  on  the  rubber 
wheel.  The  wheel  being  power  driven,  all  that  is  necessary  is  to  place 
the  end  of  a  strip  under  the  rubber  wheel  and  it  will  roll  the  strip 
along,  at  same  time  forcing  out  the  blanks. 
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CHAPTER  I. 


OUTTINQ  TOOLS  FOR  PLANER  AND  LATHE. 


In  discussing  cutting  tools  for  the  planer  and  lathe,  planer  tools 
will  first  come  under  our  notice  as  being  the  simplest  and  requiring 
the  least  skill  in  setting.  Every  mechanic  has  doubtless  observed 
that  if  the  chip  be  unwound  from  the  spiral  shape  it  assumes  in  leav- 
ing the  tool,  and  projected  in  a  straight  line,  it  is  shorter  than  the 
surface  from  which  it  came.  This  is  due  mainly  to  the  compression 
of  the  metal  in  the  direction  of  the  cut,  and  the  possibilities  of  saving 
power  and  strain  upon  the  machine  by  giving  proper  cutting  angles 
to  the  tools  and  reducing  this  compression  to  a  minimum  is  thus 
realized. 

Bake  of  Planer  Tools. 

In  Fig.  1  the  cutting  tool  is  at  right  angles  to  the  work  and  without 
rake.    It  exerts  its  force  in  a  direction  nearly  parallel  to  the  surface 
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Flff.  9.    Proper  Reke  on  Lathe 
and  Planer  Tools. 


of  the  work,  and  having  no  side  rake,  either,  it  simply  does  not  cut, 
but  shoves  or  crowds  the  metal  forward,  producing  a  chip  made  up 
of  little  splints.  It  cannot  exert  any  force  tending  to  lift  or  curl  the 
chip.  The  tool  is  wholly  wrong;  nor  would  it  materially  improve  it 
to  grind  it  like  the  tool  shown  in  the  little  sketch  at  the  right,  which 
goes  to  the  other  extreme,  and  would  spring  into  the  work.  A  tool 
must  first  of  all  be  heavy  enough  at  the  back  or  heel  to  resist  the 
horizontal  cutting  force,  and  consequently  should  have  very  little  clear- 
ance. The  7  degrees  clearance  shown  in  the  lathe  tool  in  the  upper 
view,  Fig.  2,  is  too  much  for  a  planer  tool,  while  the  3  degrees  of  the 
lower  sketch  is  as  small  as  can  be  used  safely.  Theoretically  if  the 
point  leads  by  only  a  thousandth  or  two  it  will  perform  its  function. 
There  should  be  very  little  top  rake  on  account  of  Its  tendency  to 
make  the  tool  dig  Into  the  cut;  but  this  cau  be  com|)enfcated  for  by 
giving  considerable  side  rake. 
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Another  reason  why  a  planer  tool  tends  to  dig  Into  the  work  Is 
illustrated  in  Fig.  3.  Point  A  In  the  sketch  is  the  fulcrum.  In  the 
first  sketch  the  tendency  is  for  the  tool  to  dig  into  the  work  in  the 
direction  of  the  arrow.  This  is  not  so  serious  as  appears  on  the  face 
of  it,  as  planer  tools  are  usually  so  stiff  that  they  will  spring  but 
little,  and  any  error  that  might  occur  in  the  roughing  cut  would  be 
eliminated  in  the  finishing  cut.  What  many  mechanics  take  as  an 
indication  of  the  spring  of  the  tool  is  really  due  to  the  chatter  of  the 
planer,  since  a  rack  and  pinion  planer  will  frequently  chatter  after  it 
has  become  worn,  while  in  a  worm-driven  planer  the  lost  motion  is 
all  taken  up  at  one  end  before  beginning  the  cut,  and  the  screw  action 
does  away  with  the  chatter.  To  obviate  any  spring  Into  the  work,  the 
tool  may  be  designed  as  in  the  second  sketch.  Fig.  3,  where  the  deflec- 
tion due  to  the  force  of  cut  is  away  from  the  work. 

The  tool  in  Fig.  4  approaches  the  ideal  for  a  finishing  tool,  and 
gives  the  best  finished  surface  of  any  used  on  planer  or  shaper.  It 
is  made  from  a  piece  of  ordinary  tool  steel  and  forged  on  the  end  to 
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Fl^r*  3<    Oauae  of  Planer  Tools  Springing  into 
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Fig.  4.    Finishing  Tool  of  Approved 
Design  for  Planer  or  Shaper. 


the  shape  indicated.  It  will  be  noticed  that  it  has  side  rake,  and  in- 
stead of  being  straight  on  the  bottom,  the  line  that  comes  in  contact 
with  the  work  is  a  little  rounding. 

The  Cuttinsr  Bdgre's  of  Lathe  Tools. 
We  will  now  take  up  the  subject  of  the  cutting  edges  of  some  of  the 
many  varieties  of  lathe  tools,  Fig.  5.  Here  are  shown  a  diamond  point, 
a  round-nose  tool,  a  side  tool,  centering  tool,  thread-cutting  tool,  and 
cutting-oflf  tool.  We  will  first  consider  the  diamond  point,  as  it  Is  more 
of  a  universal  tool  than  any  of  the  others.  Before  speaking  of  rake, 
clearance,  or  the  setting  of  the  tool,  attention  should  be  called  to  the 
general  form  of  the  cutting  edges  and  the  importance  of  maintaining 
tne  same  throughout  the  life  of  the  tool.  Fig.  7  will  best  illustrate 
this.  The  tool  as  shown  at  the  left,  with  depth  of  cut,  is  ground  so 
that  angle  x  shall  not  be  less  than  55  degrees.  To  the  right  is  a  tool 
in  which  the  angle  has  been  changed  by  grinding  on  both  sides  of  the 
point,  only  because  the  machinist  claims  that  he  is  in  a  hurry  and 
must  make  time  on  his  work.  But  it  will  be  seen  that  the  length  of  cut 
&  is  much  greater  than  the  line  of  resistance  a,  showing  loss  in  effi- 
ciency In  the  tool,  and  requiring  more  power  to  drive  it  after  it  had 
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been  ground.  Nor  is  this  the  only  reason  why  careless  grinding  will 
produce  a  loss.  This  is  true  with  proper  rake,  angles  and  clearance, 
but  when  the  mechanic  ignores  all  principles  and  is  careless,  besides, 
how  much  more  serious  it  becomes,  because  more  finishing  cuts  will 
be  required  to  make  the  piece  straight.  The  nearer  the  cutting  edge 
of  the  tool  comes  to  being  parallel  with  the  axis  of  the  work,  the  more 
power  will  be  required  to  operate  the  tool. 

It  will  be  interesting  to  note  what  really  takes  place  in  turning,  as 
shown  in  diagrammatic  form  in  Fig.  8.     Here  is  represented  a  piece 
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Plff.  6.    Varioas  Olaasea  of  Lathe  Toola.        Piff.  6.    Correct  and  Incorrect  Setting  of  Tool. 

of  rough  Stock  that  is  to  be  turned  as  indicated  at  the  right.  First, 
starting  at  the  center  line  A,  and  developing  the  line  of  circumference 
in  a  straight  path,  we  will  get  a  line  like  (1).  After  turning  and  re- 
peating the  process,  the  developed  line  will  look  like  the  line  at  (2). 
It  will  be  noted  that  the  second  line  is  somewhat  irregular,  showing 
that  even  after  roughing  off,  the  surface  of  the  piece  has  nearly  all 
the  irregularities  of  the  rough  stock,  though  on  a  smaller  scale.    This 


Flir>  7.    Bllbot  of  Orindlnff  Tool  to  Improper 
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Piff.  8.    Diasram  IndJoatins  Uneven  8nr- 
fltcea  of  Bough  and  Pinlahed  Work. 


brings  us  to  another  important  point,  and  that  is  the  necessity  of  cen- 
tering work  as  accurately  as  possible,  for  no  matter  how  even  the 
work  may  be  on  its  circumference,  if  centered  out  of  true,  it  will  not 
be  round  after  turning,  because  the  thickness  of  the  chip  or  shaving 
is  not  uniform,  hence  does  not  offer  uniform  resistance  to  the  cutting 
edge,  and  the  work  will  bend  more  at  one  point  than  at  another.  If 
the  cut  were  uniform  and  offered  the  same  resistance,  of  course  we 
could  expect  round  work. 

The  bottom  figure  in  cut  Fig.  8  illustrates  the  tool  for,  and  method 
of,  obtaining  the  lines.  A  long,  light  lever  has  a  knife  edge  or  point  at 
one  end,  near  the  fulcrum,  which  bears  against  the  periphery  of  the 
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work.  On  the  other  end  Is  a  lead  pencil  attachment,  the  point  bearing 
against  the  piece  of  paper  indicated,  the  paper  traveling  at  the  same 
rate  of  speed  as  the  work,  only  in  the  direction  of  the  axis  of  the 
work.  Any  unevenness  in  the  surface  of  the  work  raises  or  lowers 
the  point  of  the  pencil,  and  as  the  ratio  is  great  (20  to  1),  the  variar 
tion  in  the  line  is  marked. 

Rake  and  Clearance. 

Referring  to  Fig.  2,  we  will  take  up  the  rake  and  clearance  of  lathe 
diamond  point  tools.  The  angle  of  clearance,  sometimes  called  the 
angle  of  relief,  as  indicated  here,  is  about  7  degrees,  and  sometimes 
runs  to  10  degrees,  more  or  less — enough  for  a  safe  working  angle. 
Really,  the  only  reason  for  so  much  clearance  Is  to  avoid  rubbing 
against  the  cut  surface,  thereby  causing  unnecessary  frlctional  resist- 
ance to  the  motion  of  the  lathe.    Our  efforts  should  be  directed  toward 


Fiff.  9.    Bxtreme  Cases  of  Top  RaJce. 


Plsr.  lO.    Properly  Ground 
Tool,  having  Side  Rake. 


finding  the  angle  that  will  give  the  least  force  required  for  cutting, 
combined  with  endurance  of  the  tool  edge. 

While  the  power  required  to  cut  is  increased  greatly  by  dullness  of 
the  cutting  edge,  we  must  avoid  the  wood  chisel  edge,  because  time 
lost  In  constantly  removing  the  tool  for  grinding  purposes  eats  up  the 
prefit.  In  Fig.  9  are  illustrated  two  extreme  cases — that  on  the  left, 
too  great  top  rake,  and  the  other,  without  any.  The  one  will  do  good 
work  for  a  few  minutes,  provided  the  cut  is  not  too  heavy,  but  the 
wear  of  the  edge  is  so  great  that  the  angle  will  soon  become  blunt, 
and  it  would  be  very  much  better  to  have  no  top  rake  at  all.  On  the 
other  hand,  the  cutting  wedge,  as  I  will  call  the  tool  shown  at  the 
right,  is  too  blunt  to  do  good,  clean  work,  and  from  the  position  in 
which  it  is  set,  the  chip  will  come  oft  nearly  straight  and  in  small 
pieces.    The  happy  medium  between  the  two  is  indicated  in  Fig.  10. 

Side  rake  means  the  angle  at  which  the  top  is  ground  either  to  the 
right  or  left  side.  A  tool  ground  for  a  traversing  motion  toward  the 
left-hand,  cannot  be  used  with  a  motion  toward  the  right.  Therefore 
side  rake  is  designated  right-hand  or  left-hand,  the  former  being  that 
which  gives  a  cutting  edge  on  the  right  side,  and  the  latter,  on  the  left 
side.  As  the  side  rake  is  increased,  the  power  to  drive  the  tool  along  in 
its  traversing  direction  becomes  less,  as  it  tends  to  screw  its  way  along. 


Digitized  by 


Google 


LATHE  AND  PLANER  TOOLS.  7 

Settlngr  the  Tool. 

Fig.  11  Illustrates  an  Important  point  in  setting  the  tool.  The  fur- 
ther the  cutting  edge  is  from  the  base,  or  support,  the  greater  will  be 
the  spring.  Where  this  spring  is  possible  the  point  is  drawn  down 
into  the  work  as  indicated  by  the  dotted  line,  and  furthermore  will 
produce  irregularly-shaped  work  due  to  the  variation  in  the  resistance 
of  the  cut  at  points  where  the  tool  digs  in.  This  indicates  the  value  of 
short  leverage.  In  Continental  shops,  and  especially  in  England,  it  has 
become  a  recognized  principle  that  the  top  of  the  cutting  edge  of  a  tool 
should  not  be  higher  than  the  top  of  the  support,  and  to  obtain  top 
rake,  the  tool  is  hollowed  out  by  grinding.  Sir  Joseph  Whitworth  de- 
signed his  lathes  so  that  the  tool  was  set  on  the  center  of  the  work, 
and  any  vertical  pressure  deflected  the  tool  away  from  the  work,  as 
shown  In  Fig.  12. 

Next  in  importance  to  the  leverage  of  the  tool  is  the  angle  at  which 
it  is  set  in  relation  to  the  work.    Referring  now  to  Fig.  6,  the  tool  is 


Flff.  11.    SupportlnflT  tbe  Tool 
In  the  Lafhe. 


WHITWORTH  DESIGN 


Flff.  12.    Design  of  Tool  Penxklttlnsr  It  to 
Spring  »way  f^om  Work. 


shown  at  right  angles  to  the  work  and  the  cutting  pressure  tends  to 
force  the  tool  around  to  the  right,  away  from  the  work,  in  the  direction 
of  the  arrow,  instead  of  causing  it  to  dig  into  the  work.  If  the  tool 
were  set  as  shoWn  in  the  dotted  position,  it  will  readily  be  seen  that 
any  slipping  or  deflection  would  carry  it  into  the  cut.  * 

The  third  point  to  be  observed  in  regard  to  setting  the  tool  is  its 
height  relative  to  the  lathe  centers.  Fig.  13  illustrates  this.  Tool 
No.  1  is  set  below  the  center,  and  the  dotted  line,  drawn  tangent  to 
the  point  of  the  tool  on  the  periphery  of  the  circle,  indicates  the  direc- 
tion in  which  the  cutting  force  is  applied.  The  top  or  cutting  surface  of 
the  tool  forms  an  angle  of  90  degrees  with  this  line.  The  stock  is  thus 
merely  crowded  off  by  the  tool  and  there  is  no  cutting  or  wedge  action 
whatever.  The  next  tool  is  set  on  the  center  and  has  more  of  a  wedge 
action,  but  still  not  what  it  should  have.  The  top  tool,  No.  3,  gives 
us  the  best  cutting  wedge  and  will  do  maximum  work  with  minimum 
resistance.  From  the  foregoing  it  is  clear  that  the  lathe  tool  will  do 
the  best  work  with  combination  of  top  and  side  rake,  when  supported 
near  the  cutting  edge,  held  at  right  angles  to  the  work,  and  when  set 
above  the  center.    This  will  lead  to  economy. 


Digitized  by 


Google 


8 


LATHE,  AND  PLANER  TOOLS. 


Grlndlngr. 
Now  a  few  words  about  grinding.  The  diamond  point  tool  should  be 
ground  only  on  the  top,  and  the  angles  on  the  sides  should  never  be 
touched,  and  there  will  be  no  danger  in  such  a  case  of  destroying  the 
economic  value  of  the  tool.  Many  mechanics  bum  the  cutting  edges 
of  the  tool  in  grinding,  by  simple  carelessness,  which  makes  the  edge 


Piff.18.    Setting  Lathe  Tool 
to  Oorrect  Height 


Proper  position  for 
Side  or  Facing  tool 


Flff.  14.    Setting  Side  or  Facing 
Tool  in  Lathe. 


softer  than  the  metal  it  is  supposed  to  cut.  The  references  thus  far 
have  been  confined  entirely  to  the  solid  tools,  most  commonly  used. 
But  there  are  many  improved  tool  holders  in  use,  designed  for  self- 
hardening  steel  which  is  not  affected  by  burning  in  the  hands  of  in- 
competent mechanics,  either  in  grinding  or  through  lack  of  knowl- 


Fiff.  16.    Improper  Bearing  in  Center  of 
Work  not  Paced  before  Turning. 


Fig.  16.    Action  and  Form  of 
Cutttng-Off  Tool. 


edge  of  the  proper  cutting  speeds.  These  holders  support  the  steel  in 
such  a  position  as  to  give  the  proper  front  and  side  clearance,  and  the 
rake  is  determined  by  the  grinding. 

Speeds  and  Feeds. 
Following  is  a  table  of  finishing  speeds  and  feeds  for  different 
metals  for  tools  of  ordinary  tool  steel.  In  roughing  the  axiom  is  slow 
speed  and  quick  feed;  in  finishing,  high  speed  and  fine  feed.  From 
this  table  25  per  cent  should  be  deducted  for  roughing  speed,  making 
IS,  24,  28  and  83.  Experiments  on  cutting  tools  made  in  the  shops  of 
R.  H.  Smith,  London,  England,  and  verified  by  the  author,  show  that 
machine  steel  requires  from  two  to  two  and  one-half  times  the  power 
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for  cutting,  as  does  cast  iron,  and  wrought  iron  about  one  and  one-half 
times  the  power.  The  results  are  given  in  detail  in  the  chart,  Fig.  17, 
which  shows  the  increased  force  required  for  increased  feed  and  depth 
of  cut. 

Miscellaneous  Ijathe  Tools. 

The  round  nose  tool,  Fig.  5.  is  used  for  brass,  when  made  rather 
pointed,  and  for  facing  cast  iron  when  it  has  a  blunt  point.    The  ten- 

I^THB  AMD  PLAMSR  ODTTINa  8FBBD8  AMD  FBBDB. 


Tool  Steel. 

Wrought  Iron 
Machine  Steel. 

Cast  Iron. 

Brass. 

S 

P 

S 

P 

S 

P 

S 

F 

24 

25 

32 

25 

88 

22 

110 

20 

Lub. 

Lub. 

Dry 

Dry. 

F  =  Number  of  revolutions  to  1  inch  feed. 
S  =        **        **  feet  per  minnte. 

dency  with  brass,  which  is  very  soft,  would  be  to  pull  a  hooked  tool 
into  the  work.  The  side  tool  should  always  be  set  with  the  point 
leading  slightly,  but  remembering  that  it  is  not  the  point  but  the  side 
of  the  tool  that  is  to  do  the  cutting.  This  tool  should  be  set  on  the 
center,  as  indicated  in  Fig.  14.    Fig.  15  shows  the  necessity  for  facing 

Cutthtt  force  in  pounds 
100       200      800       400      500      000      700       800      900        1000 


btdmHrlml  Prtujr  T- 


FliT'  17.    Chart  Showing  Outtinff  Force  Required  fbr  Inoreaalnff 
Feed  and  Depth  of  Out. 

up  work  with  the  side  tool  before  turning;  otherwise  the  center  will 
give  more  support  to  one  side  of  the  work  than  the  other,  and  the 
pressure  of  the  tool  used  later  for  turning  will  be  likely  to  produce  a 
crushing  of  the  metal  at  the  center,  on  the  side  of  the  least  support. 
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The  centering  tool  should  be  ground  like  a  twist  drill  and  placed 
with  Its  cutting  point  directly  at  the  center  of  the  work  and  used  to 
obtain  an  accurate  center  for  starting  a  drill.  Much  carelessness  is 
exhibited  in  the  use  of  the  thread  cutting  tool,  not  so  much  in  grind- 
ing as  in  setting.  It  should  be  set  so  that  the  cutting  edges  are 
directly  on  the  line  of  the  lathe  centers  and,  of  course,  at  right  angles 
to  it.  The  economical  way  to  use  this  tool  Is  to  rough  out  the  thread 
with  a  heavy  cut,  and  then  regrind  the  top  surface  until  again  sharp, 
and  then  finish  with  a  light  cut.  No  matter  how  carefully  a  thread 
tool  is  used  the  sharp  point  will  wear  rapidly. 

Referring  to  Fig.  16,  we  come  to  the  cutting-ofl  tool,  the  last  of  the 
lathe  tools  shown  in  Fig.  5.  The  upper  view  shows  the  action  of  the 
tool  and  the  two  lower  views  Indicate  how  good  and  poor  results  may 


Fiff.  18.    Tsrpes  of  Boring  Tools. 


Flff.  19.    Cutting  Action  of  Boring  Tools. 


be  obtained  through  grinding.  This  tool  has  side  clearance,  right  and 
left,  and  should  be  ground  slightly  concave  on  Its  top  face.  Its  point 
should  be  on  a  level  with  the  center  of  the  work. 

In  Fig.  18  are  indicated  several  of  the  more  common  types  of  boring 
tools.  The  vertical  pressure  on  boring  tools  is  very  nearly  constant 
(Fig.  19),  and  when  the  tool  starts  to  cut,  the  depression  or  spring 
downward  remains  very  nearly  constant  throughout  its  entire  cut, 
and  so  does  not  vitally  affect  the  accuracy.  The  tool  wears  as  it 
advances,  however,  and  this  tends  to  produce  a  conical  hole.  While 
lathes  are  adjusted  so  that  in  no  case  they  will  bore  a  hole  larger  at 
the  back  than  at  the  front,  in  making  this  adjustment,  however,  the 
tendency  is  to  have  the  lathe  so  it  will  bore  very  slightly  smaller  at 
the  back — another  reason  why  bored  holes  are  frequently  a  little 
tapering. 
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BORING  TOOLS. 

In  the  previous  chapter  on  cutting  tools  we  confined  ourselves  en- 
tirely to  one  class,  namely,  planer  and  lathe  tools,  and  the  different 
conditions  under  which  the  best  results  can  be  obtained  from  them. 
By  best  results  is  understood  the  maximum  amount  of  good  work  with 
the  minimum  amount  of  energy  expended — the  ideal  for  which  every 
good  mechanic  is  striving.  It  was  attempted  to  make  plain  the  car- 
dinal points  for  securing  these  results,  such  as  proper  top  and  side 
rake,  clearance,  rigid  clamping,  setting  of  tool  so  that  it  will  not  spring 
into  the  work,  proper  relation  of  cutting  edge  to  center  of  work,  etc. 
All  these  combine  to  make  the  cutting  edge  the  basis  of  economic 
production,  and  economic  production  means  not  only  least  cost  in 
manufacture,  but  a  saving  in  wear  and  life  of  the  machine. 


Fiff.  20.    Method  of  Holding  the  Work  Tightly  against  the  Oenter. 

The  subject  of  cutting  tools  has  purposely  been  divided  into  two 
separate  heads,  as  there  is  a  recognized  distinction  between  inside 
and  outside  turning.  The  rake  and  clearance  of  a  tool  for  Inside  turn- 
ing must  be  different  from  that  used  for  outside  turning,  for  two  rea- 
sons: First,  because  of  the  contracted  and  peculiar  conditions  under 
which  the  boring  tool  works,  and  second,  because  of  the  spring  of 
both  tool  and  work — very  serious  conditions  met  with  in  boring  which 
do  not  apply  in  outside  turning.  The  spring  of  the  work  is  overcome 
in  many  cases  by  using  a  steady  rest  to  support  one  end  of  the  work 
while  the  other  end  is  held  in  the  chuck,  or  else  is  clamped  to  the 
faceplate  and  in  addition  is  sometimes  supported  by  the  live  center 
itself. 
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Holdlngr  the  Work  Tlgrhtly  Aeralnst  the  Center. 
Fig.  20  may  serve  as  a  help  to  some  who  have  found  difficulty  In 
keeping  the  work  tight  against  the  center.  It  shows  the  faceplate 
partly  unscrewed.  The  lacing  is  made  fast  to  a  dog  or  carrier  in  that 
position,  and  the  faceplate  is  then  screwed  up  in  place,  thereby  tighten- 
ing the  thong.  Now,  unless  great  care  and  skill  are  combined  in  set- 
ting the  steady  rest  in  position,  the  result  will  be  failure,  because,  in 
boring,  the  object  is  to  get  the  bore  concentric  with  the  outside  and  it 
is  a  very  easy  matter  to  defeat  this  object  by  careless  setting  of  the 
rest.  A  suggestion  as  to  the  way  of  setting  may  here  be  In  order.  If 
it  is  a  piece  that  has  already  been  turned  on  the  outside,  the  centers 
may  be  used  to  good  purpose.  Keep  the  live  center  in  the  lathe  spindle, 
screw  the  chuck  in  position  and  put  the  work  on  centers,  as  for  ordi- 
nary turning.  Now  bring  the  chuck  jaws  down  to  the  work  and  place 
the  rest  in  position  at  the  dead  center  end,  the  work  all  the  while 
being  still  on  centers.  To  remove  the  live  center,  the  rest  is  then 
opened,  the  chuck,  with  the  work  in  it,  unscrewed,  and  the  center 
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Figr*  21.    Oomparlson  of  Prinoiplea  of  Outside  and  Inside  Tumlnff. 

removed.  This  method  will  insure  fair  accuracy,  where  it  can  be  used, 
but  the  work  when  ready  to  bore  should  be  tested  with  an  indicator. 
If  it  is  a  rough  piece  of  work  that  is  to  be  set,  support  one  end  by  the 
dead  center,  turn  a  true  surface  for  the  jaws  of  the  steady  rest  and 
place  the  same  in  position  while  the  work  is  still  on  the  center. 

Difference  Between  Inside  and  Outside  Turning. 

Fig.  21  will  prove  that  the  same  laws  do  not  hold  for  both  inside  and 
outside  turning.  The  circle  on  the  left  represents  a  cylinder  to  be 
turned;  that  on  the  right,  a  hole  to  be  bored,  with  the  tool  in  posi- 
tion. The  lines  a  6  and  c  d  are  drawn  tangent  with  the  work  at  the 
point  where  the  cutting  edge  is  in  contact  with  the  work  when  turning 
and  boring  respectively.  On  the  face  of  it,  it  would  seem  that  one 
vertical  line  should  answer  for  both  conditions,  but  not  so,  for  in 
turning  we  are  enabled  to  set  the  cutting  edge  of  the  tool  above  the 
center  of  the  work,  hence  changing  the  position  of  the  lines  and  get- 
ting a  finer  cutting  wedge.  The  angle  A  is  the  angle  of  the  cutting 
wedge  in  turning,  while  B  is  the  angle  of  the  cutting  wedge  In  bor^ 
ing.    This  is  the  best  condition  obtainable  in  boring. 
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Common  Type  of  Borlngr  Tool. 
Fig.  22  shows  an  old-fashioned  forged  boring  tool  of  the  type  com- 
mon in  every  shop.  These  tools  are  forged  by  the  tool  dressed  in 
lengths  and  sizes  that  will  cover  a  wide  range  of  work,  so  that  dif- 
ferent diameters  and  depths  may  be  bored  without  redressing.  As  to 
results  from  this  type  of  tool:  When  the  tool  starts  to  perform  its 
function — takes  up  its  cut — there  is  a  downward  spring  which  we  call 
vertical  deflection,  due  to  the  pressure  of  the  chip  on  top  of  the  tool. 
This  pressure  is  nearly  constant  throughout  the  entire  length  of  the 
cut  and  does  not  vitally  afTect  the  accuracy  of  the  work,  particularly 
since  there  can  be  a  slight  vertical  movement  of  the  tool  without 
appreciably  changing  the  diameter  of  the  surface  being  bored.  This 
is  not  the  case,  however,  with  the  lateral  pressure  on  the  boring  tool, 
which  pressure,  being  at  right  angles  to  the  cutting  edge,  deflects 
the  tool  away  from  the  work  more  and  more  as  the  cutting  edge  dulls, 
thereby  changing  the  angle  of  motion  of  the  tool  constantly.     The  re- 


Piff.  92.    Oommon  Tjrpe  of  Forced  Boring  Tool,  and  Remits  Obtained. 

suit  is  a  coAical  hole,  and  much  time  is  lost  in  taking  repeated  cuts 
to  get  the  bore  parallel.  This  type  of  tool,  therefore,  does  not  prove 
economical,  although  the  outward  or  lateral  pressure  will  vary  some- 
what with  the  shape  of  the  tool  and  the  way  in  which  it  is  dressed. 

If  the  front  or  cutting  edge  makes  an  acute  angle  with  the  work, 
the  lateral  pressure  is  considerable;  but  if  the  cutting  edge  is  at 
right  angles  to  the  work  there  is  less  tendency  to  deflect  the  tool  in  a 
sidewise  direction.  In  the  latter  case,  however,  as  the  cutting  edge 
wears  away  and  the  tool  becomes  dull,  there  is  a  tendency  for  the 
corner  to  become  worn  so  as  to  form  an  acute  angle,  and  we  still  have 
some  of  the  same  trouble  to  contend  with.  Theoretically  and  prac- 
tically, a  tool  ground  as  in  Fig.  22  will  give  the  best  results,  so  far 
as  cutting  is  concerned,  but  even  by  using  the  greatest  care  and  Judg- 
ment in  dressing  and  grinding  the  tool,  to  reduce  sidewise  deflection, 
we  cannot  altogether  remove  the  difficulty.  This  question  of  deflection 
is  largely  one  of  leverage.  The  amount  of  deflection  depends  upon 
the  length  of  the  tool  from  the  binding  screw  in  the  toolpost  to  the 
cutting  edge. 

After  the  tool  is  once  made,  its  leverage  is  always  a  constant  quan* 
tity,  as  indicated  in  Fig.  22,  since  the  tool  must  always  be  placed  in 
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approximately  the  same  position  in  the  toolpost.  It  will,  therefore, 
deflect  as  much  in  boring  a  short  hole  as  in  boring  a  long  one,  assum- 
ing the  cutting  edge  to  be  in  the  same  condition  in  each  case.  The 
longer  the  tool,  the  greater  the  deflection,  for  the  tool  Is  a  cantilever 
the  deflection  of  which  is  increased  eight  times  when  Its  length  is 
doubled'.  From  this  we  can  readily  see  how  important  is  this  con- 
sideration of  leverage,  and  how  desirable  it  is  to  have  the  boring  tool 
adjustable  so  that  it  need  project  from  the  point  of  support  only  so 
far  as  is  necessary  to  bore  the  full  depth  of  hole  required.  The 
mechanic  should  try  to  overcome  the  difficulty  due  to  leverage  by 
devising  ways  and  means  fqr  making  the  tool  adjustable.  Many 
schemes  are  open  to  the  thinking  mechanic. 

Boring  Tool  Holders. 

Fig.  23  will  give  an  idea  for  a  tool  holder  and  for  different  tools 
which  are  inexpensive  and  at  the  same  time  meet  the  iibove  require- 


TMREAO  TOOL 

Piff,  28.    Borinff  Tool  Holder  and  Type  of  Inside  Threading  Tool. 

ment.  The  holder  gives  at  all  times  the  gratest  rigidity  and  allows 
the  use  of  the  largest  size  of  tool  possible  for  any  particular  work. 
It  also  enables  the  operator  to  vary  the  leverage  to  suit  each  particu- 
lar hole. 

The  holder  consists  of  a  rectangular  block  of  cast  iron  in  which 
two  holes  are  bored,  one  on  each  side  of  the  center,  and  in  a  plane 
with  the  lathe  center,  and  extremely  close  to  the  edges.  After  this,  it 
is  sawed  in  two  through  the  center  of  the  holes,  the  top  forming  the 
cap.  The  hole  may  be  made  any  standard  size:  1%,  1%,  1%.  Into 
these  holes  are  fitted  sleeves  or  the  drill  rod  itself,  although  the 
sleeves  give  wider  range  of  size  of  boring  tool  for  each  holder,  by 
having  a  number  of  sleeves  with  different  standard  size  holes.  The 
tool  fits  in  either  A  or  JB  of  the  sleeves.  If  the  tool  is  to  be  used  in  A, 
a  solid  piece  is  inserted  in  B,  so  as  to  give  a  support  for  the  cap  to 
be  clamped  against.  One  end  of  the  sleeve  is  knurled  to  allow  for 
thumb  and  finger  adjustment  in  raising  and  lowering  the  tool.  Ordi- 
nary drill  rod  is  used,  filed  down  to  a  flat  surface  at  the  end,  as 
shown.    When  heating  for  the  tempering  process,  set  over  the  filed  end 
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by  a  blow  of  a  hammer  for  clearance.  A  tool  nearly  the  size  of  the 
hole  to  be  bored  may  be  used.  For  Instance,  an  11-16-inch  tool  could 
easily  be  used  to  bore  a  %-inch  hole.  A  thread  tool  of  this  type  is 
of  the  greatest  advantage  in  that  the  tool  is  always  level — the  re- 
quisite for  a  true-angle  thread. 

The  good  features  of  tlfls  type  of  tool  are:     first,  it  saves  in  ex- 
pense in  forging;  second,  it  saves  time  in  grinding  and  setting,  and 
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Vig.  24.    Simple  Type  of  Boring  Bar. 

in  boring  a  true  hole;  third,  it  requires  less  skill  and  judgment  in 
getting  results.  As  the  work  increases  in  weight  and  size,  and  it  is 
not  practicable  to  clamp  either  on  faceplate  or  chuck,  the  boring  bar 
is  substituted,  in  which  case  the  former  conditions  are  not  encountered. 

Boring  Bars. 

Many  styles  of  boring  bars  are  used,  the  one  shown  in  Fig.  24  being 
possibly  one  of  the  simplest  type.  In  the  boring  bar  head  one  has 
to  consider  only  the  proper  cutting  edge  of  the  tool;  and  attention 


Tube  damped  by 
Tube  f^  to  slide   woodeu  block  ou  croiM  slide 
through  steadr  rest      ,  \_ 
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Vig.  25.    Botinsr  Out  Tubes. 

is  to  be  called  chiefly  to  the  method  of  setting  out  the  tool  for  increas- 
ing the  depth  of  cut.  The  tool  itself  has  a  wedge  end,  and  the  set- 
screw  a  a  conical  end  bearing  against  it,  thus  forcing  the  cutter  out 
as  the  screw  moves  in.  The  binding  screw  h  comes  in  contact  with 
a  flat  side  filed  or  ground  on  the  cutter.  Heads  of  different  ^izes  are 
made  to  fit  the  bar,  to  suit  holes  of  different  diameters,  insuring  a 
short  tool  leverage.  There  are  many  improvements  possible  in  this 
bar,  such,  for  instance,  as  feeding  the  tool  head  by  means  of  a  screw 
carried  in  the  bar  and  receiving  its  rotary  motion  from  a  stationary 
gear  on  the  dead  center  spindle  engaging  with  a  gear  on  the  end  of 
the  screw. 
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Boring  Out  Tubes. 

In  many  cases  It  is  desirable  to  bore  holes  of  small  diameter  but  of 
great  length  which  extend  through  the  entire  length  of  a  tube,  such 
for  example,  as  core  barrels  for  rock  drilling,  where  the  tube  is  from 
10  to  14  feet  long,  and  as  small  in  some  cases  as  2  inches  in  diameter. 
Fig.  25  will  give  an  idea  of  the  method  \f^  which  such  holes  may  be 
bored  with  very  satisfactory  results,  and  in  Fig.  26  the  boring  bar 
is  shown  in  detail.  The  bar  is  made  up  of  sections,  say  3  feet  long,  the 
sections  so  constructed  that  they  can  be  joined  together  into  one  bar. 
The  work  is  supported  in  the  lathe  by  two  steady  rests  and  Is  clamped 
to  the  carriage  of  the  lathe  by  means  of  wooden  clamps,  specially 
constructed  to  suit  each  individual  case.  The  steady  rests  are  only 
used  to  guide  and  support  the  tube  as  the  carriage  advances,  carrying 


Flff.  26.    Tools  and  Method  for  Boxing  Out  Tubes. 

the  tube  with  it.  The  end  of  the  tube  is  first  bored  to  a  depth  of 
about  2  inches  with  the  ordinary  boring  tool,  and  made  the  required 
size.  The  bar  is  then  inserted  until  the  cutter  head  reaches  the 
bored  end  of  the  tube  which  the  guide  ring  on  the  outer  end  of  the 
head  should  fit  nicely.  The  tube  is  then  clamped  to  the  carriage, 
supported  by  the  steady  rests,  and  the  outer  end  of  the  bar  is  held 
by  the  lathe  chuck.  Allowance  should  be  made  for  the  tube  to  travel 
a  distance  equal  to  the  entire  length  of  one  of  the  boring  bar  sections. 
When  the  tube  has  advanced  this  far,  one  of  the  sections  of  the  bar  is 
unscrewed  and  laid  aside  and  the  chuck  engages  the  end  of  the  next 
section,  and  so  the  work  proceeds  until  completed.  It  should  be 
observed  that  the  face  only  of  the  tool  should  be  used  as  a  cutting 
edge,  while  the  outside  acts  simply  as  a  guide. 
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CHAPTER    III. 

SHAPE  OF  STANDARD  SHOP  TOOLS. 

The  data  relating  to  the  proper  shape  of  standard  shop  tools,  given 
In  this  chapter,  are  the  results  of  experiments  undertaken  during  a 
long  period  of  years  by  Mr.  Fred.  W.  Taylor.  The  present  chapter  Is 
an  abstract  of  that  part  of  Mr.  Taylor's  work,  "On  the  Art  of  Cutting 
Metals/'  which  deals  with  the  proper  shape  of  tools. 

In  Mr.  Taylor's  practical  experience  in  managing  shops,  he  found  It 

no  easy  matter  to  maintain  at  all  times  an  ample  supply  of  cutting 

tools  ready  for  immediate  use  by  each  machinist,  treated  and  ground 

80  as  to  be  uniform  in  quality  and  shape;  and  the  greater  the  variety 

in  the  shape  and  size  of  the  tools,  the  greater,  became  the  difficulty 

of  keeping   always   ready  a  sufficient  supply  of   uniform  tools.     His 

whole   experience,   therefore,   points   to  the  necessity   of   adopting   as 

small  a  number  of  standard  shapes  and  sizes  of  tools  as  practicable. 

It  is  far  better  for  a  machine  shop  to  err  upon  the  side  of  having 

too  little  variety   in  the   shape  of   its  tools   rather   than  on   that  of 

having  too  many  shapes. 

•  Standard  Tools. 

In  the  cuts  Pigs.  27  to  38,  inclusive,  are  illustrated  the  shapes  of 
the  standard  tools  which  Mr.  Taylor  adopted,  and  in  justification  of 
his  selection  he  states  that  these  tools  have  been  in  practical  use  in 
several  shops,  both  large  and  small,  through  a  term  of  years,  and  are 
giving  general,  all-round  satisfaction.  It  is  a  matter  of  interest  also 
to  note  that  in  several  instances  changes  were  introduced  in  the  de- 
sign of  these  tools  at  the  request  of  some  one  foreman  or- superin- 
tendent, and  after  a  trial  on  a  large  scale  in  the  shop  of  the  sug- 
gested improvements,  the  standards  as  illustrated  here  were  again 
returned  to.  These  shapes  may  be  sai<l,  therefore,  to  have  stood  the 
test  of  extended  practical  use  on  a  great  variety  of  work. 

Elements  Considered  in  Adopting  Standard  Tools. 

These  standard  tools  may  be  said  to  represent  a  compromise  in 
which  each  one  of  the  following  elements  has  received  most  careful 
consideration,  and  has  had  its  due  influence  in  the  design  of  the  tool; 
and  it  can  also  be  said  that  hardly  a  single  element  in  the  tools  is  such 
as  would  be  adopted  if  no  other  element  required  consideration.  The 
following,  broadly  speaking,  are  the  four  objects  to  be  kept  in  mind 
in  the  design  of  a  standard  tool: 

a.  The  necessity  of  leaving  the  forging  or  casting  to  be  cut  with  a 
true  and  sufficiently  smooth  surface; 

6.  The  removal  of  the  met^l  in  the  shortest  time; 

c.  The  adoption  of  that  shape  of  tool  which  shall  do  the  largest 
amount  of  work  with  the  minimum  combined  cost  of  grinding,  forging 
and  tool  steel; 

d.  The  ready  adaptability  to  a  large  variety  of  work. 
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As  we  go  further  Into  this  subject,  the  nature  of  the  conflict  between 
these  four  objects  and  of  the  sacriflce  which  each  element  is  called  upon 
to  make  by  one  of  the  others  will  become  apparent  Generally  speak- 
ing, it  is  necessary  to  adopt  as  our  standard  shape  a  tool  which  can 
be  run  at  only  about,  say,  five-eighths  of  the  cutting  speed  which  the 
knowledge  of  the  art  and  the  experiments  show  could  be  obtained 
through  another  tool  of  entirely  different  shape,  if  no  other  element 
than  that  of  cutting  speed  required  consideration.  It  becomes  neces- 
sary to  sacrifice  cutting  speed  to  securing  smaller  liability  to  chatter; 
a  truer  finish;  a  greater  all-round  convenience  for  the  operator  in 
using  the  tool,  and  a ,  comparatively  cheaper  dressing  and  grinding. 
The  most  important  of  the  above  considerations,  however,  is  the  free- 
dom from  chatter. 

On  the  other  hand,  it  is  necessary  to  adopt  a  rather  more  elaborate 
and  expensive  method  of  dressing  the  tools  than  is  usual,  in  order  to 

.A. 
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Flff.  27.    Tool  for  Outtlng  0»st  Iron  and  H»rd  Steel. 

provide  a  shape  of  tool  which  allows  it  to  be  ground  a  great  many 
times  without  redressing,  and  also  in  order  to  make  a  single  Taylor^ 
White  heat  treatment  of  the  tool  last  longer  than  it  otherwise  would. 
And  again,  the  shape  of  the  curve  of  the  cutting  edge  of  the  tool 
adopted — ^first,  to  insure  against  chatter,  and  second,  for  all-round 
adaptability  in  the  lathe — calls  for  much  more  expense  and  care  in 
the  grinding  than  would  be  necessary  if  a  more  simple  shape  were 
used.  This  necessitates  in  a  shop  either  a  specially  trained  man  to 
grind  the  tool  by  hand  to  the  required  templets  and  angles,  or  pre- 
ferably the  use  of  an  automatic  tool  grinder. 

Relative  Importance  of  the  Elements  Affecting  the  Cutting  Speed. 

The  cutting  speed  of  a  tool  is  directly  dependent  upon  the  following 
elements.    The  order  in  which  the  elements  are  given  indicates  their 
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relative  effect  in  modifying  the  cutting  speed,  and  in  order  to  com- 
pare them,  we  have  given  in  each  case  figures  which  represent, 
broadly  spealdng,  the  ratio  between  the  lower  and  higher  limits  of 
speed  as  affected  by  each  element 

A.  The  quality  of  the  metal  which  is  to  be  cut,  i.e.,  its  hardness  or 
other  qualities  which  affect  the  cutting  speed.  Proportion  is  as  1  in 
the  case  of  semi-hardened  steel  or  chilled  iron,  to  100  in  the  case  of 
very  soft  low-carbon  steel. 

B.  The  chemical  composition  of  the  steel  from  which  the  tool  is 
made,  and  the  heat  treatment  of  the  tool.  Proportion  is  as  1  In  tools 
made  from  tempered  carbon  steel,  to  7  in  the  best  high-speed  tools. 

O.  The  thickness  of  the  shaving;  or,  the  thickness  of  the  spiral  strip 
or  band  of  metal  which  is  to  be  removed  by  the  tool,  measured  while 
the  metal  retains  its  original  density;  not  the  thickness  of  the  actual 
shaving,  the  metal  of  which  has  become  partly  disintegrated.  Pro- 
portion is  as  1  with  thickness  of  shaving  8-16  of  an  inch,  to  8%  with 
thickness  of  shaving  1-64  of  an  inch. 


Tig.  28.    Tool  for  Outtlnff  Medium  and  Soft  Steel. 

D.  The  shape  or  contour  of  the  cutting  edge  of  the  tool,  chiefly  be- 
cause of  the  effect  which  it  has  upon  the  thickness  of  the  shaving. 
Proportion  is  as  1  in  a  thread  tool,  to  6  in  a  broad-nosed  cutting  tool. 

E.  Whether  a  copious  stream  of  water  or  other  cooling  medium  is 
used  on  the  tool.  Proportion  Is  as  1  for  tool  running  dry,  to  1.41  for 
tool  cooled  by  a  copious  stream  of  water. 

F.  The  depth  of  the  cut;  or,  one-half  of  the  amount  by  which  the 
forging  or  casting  is  being  reduced  In  diameter  in  turning.  Proportion 
is  as  1  with  %-lnch  depth  of  cut,  to  1.36  with  %-lnch  depth  of  cut. 

G.  The  duration  of  the  cut;  i.e.,  the  time  which  a  tool  must  last 
under  pressure  of  the  shaving  without  being  reground.  Proportion  is 
as  1  when  tool  Is  to  be  ground  every  1%  hour,  to  1.207  when  tool  is  to 
be  ground  every  20  minutes. 

H.  The  lip  and  clearance  angles  of  the  tool.     Proportion   is  as  1 
with  Up  angles  of  68  degrees,  to  1.023  with  lip  angle  of  61  degrees. 
J.  The  elasticity  of  the  work  and  of  the  tool  on  account  of  producing 
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chatter.    Proportion  Is  as  1  with  tool  chattering,  to  1.15  with  tool  run- 
ning smoothly. 

The  quality  of  the  metal  which  is  to  be  cut  is,  generally  speaking, 
beyond  the  control  of  those  who  are  in  charge  of  the  machine  shop, 
and,  in  fact,  in  most  cases  the  choice  of  the  hardness  of  metals  to  be 
used  in  forgings  or  castings  will  hinge  upon  other  considerations  which 
are  of  greater  importance  than  the  cost  of  machining  them.  The 
chemical  composition  of  the  steel  from  which  the  tool  is  made  and  the 
heat  treatment  of  the  tool  will,  of  course,  receive  the  most  careful 
consideration  in  the  adoption  of  a  standard  tool.  No  shop,  however, 
can  now  afford  to  use  other  than  the  "high-speed"  tools,  and  there 
are  so  many  makes  of  good  tool  steels,  which,  after  being  forged  into 
tools  and  heated  to  the  melting  point  according  to  the  Taylor-White 
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LET  WIDTH  OF  TOOL*A'-r^j 
AND  RADIUS  OF  POINTER 
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FOR  BLUNT  TOOL  R=^A-%j 

FOR  SHARP  TOOL  R-^  A-^^'j 

For  cutting  hard  steel  and 
cast  iron,  these  tools  are 
ground  teethe  following  an- 
gles :  Clearance  angle  6®, 
back  slope  8**,  side  slope  14°. 

For  cutting  medium  steel 
and  soft  steel,  these  tools 
are  ground  to  the  following 
angles:  Clearance  angle  6®, 
back  slope  8*.  side  slope 22«. 


Fisrs.  29  »Qd  80.    Outline  of  Outtlnff  Bdge  of  Standard  Bound-nosed  Tools. 

process,  will  run  at  about  the  same  high  cutting  speeds,  that  it  is  of 

comparatively   small   moment    which    particular   make   of   high-speed 

steels  is  adopted. 

Advantasres  of  Round-Nosed  Tools. 

With  round-nosed  tools,  as  the  depth  of  cut  becomes  more  shallow, 
there  is  a  greater  increase  in  the  cutting  speed  than  in  the  case  of 
tools  having  straight-line  cutting  edges,  because  with  a  round-nosed 
tool  the  thickness  of  the  shaving  becomes  thinner  as  the  extreme 
nose  of  the  tool  is  approached.  In  the  case  of  round-nosed  tools,  there- 
fore, when  the  depth  of  the  cut  is  diminished,  the  cutting  speed  is  in- 
creased for  two  entirely  different  reasons: 

A.  Because  the  chip  bears  upon  a  smaller  portion  of  the  cutting 
edge  of  the  tool. 

B,  Because  the  average  thickness  of  the  chip  which  is  being  re- 
moved is  thinner  in  the  case  of  round-nosed  tools  with  a  shallow  depth 
of  cut  than  it  is  with  the  deeper  cuts. 

Otdoct  of  HavinfiT  the  Cutting  Bdge  of  Tools  Curved. 
A  tool  whose  cutting  edge  forms  a  curved  line  of  necessity  removes 
a  shaving  which  varies  in  its  thickness  at  all  parts.    The  only  type  of 
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tool  which  can  remove  a  shaving  of  uniform  thickness  is  one  with  a 
straight-line  cutting  edge.  The  object  in  having  the  line  of  the  cutting 
edge  of  a  roughing  tool  curved  as  that  part  of  the  cutting  edge  which 
does  the  finishing  is  approached.  Is  to  thin  down  the  shaving  at  this 
point  to  such  an  extent  as  will  insure  the  flnjphing  part  of  the  tool 
remaining  sharp  and  uninjured  even  though  the  main  portion  of  the 
cutting  edge  may  have  been  ruined  through  over-heating  or  from 
some  other  cause. 

Advantages  and  Disadvantages  of  Broad-Nosed  Tools. 
Upon  appreciating  the  increase  In  the  cutting  speed  obtained  through 
thinning  down  the  shaving,  as  shown  in  the  experiments  with  straight 
cutting  edge  tools,  the  tools  shown  in  Figs.  39,  40  and  42  were  made, 
and  used  on  roughing  work  for  years  in  the  axle  lathes  of  the  Midvale 
Steel  Company.  The  gain  in  cutting  speed  of  these  standard  broad- 
nosed  tools  over  our  standard  round-nosed  tools,  shown  in  Figs.  31 
and  32,  Is  In  the  ratio  of  1.30  :  1.  This  general  shape  of  tool  continues 
to  be  extensively  used,  but  it  is  subject  to  the  disadvantage  that  it 
is  likely  to  cause  the  work  to  chatter,  and  so  leave  a  more  or  less 

-  CLEARANCE  «* 

^^    QAOK  SLOPE  8* 

SIDE  SLOPE  U" 


JfocAiiwry^r. 


Fiff  81.    Standard  Tool 
for  Wide  Feeds. 


Flff.  82.    Tool  used  in  most  of 
the  Taylor  Bxperlments. 


irregular  finish.  Were  It  not  for  this  difficulty,  added  to  the  fact  that 
the  standard  round-nosed  tool  has  a  greater  all-round  adaptability  and 
convenience,  the  tools  Illustrated  In  Figs.  39,  40  and  42  would  un- 
doubtedly be  the  proper  shapes  for  shop  standards. 

Influence  of  Small  Radius  of  Curvature  on  Chatter. 
Since  the  thickness  of  the  shaving  is  uniform  with  straight  edge 
tools,  It  Is  evident  that  the  period  of  high  pressure  will  arrive  at  all 
points  along  the  cutting  edge. of  this  tool  at  the  same  instant  and  will 
be  followed  an  Instant  later  by  a  correspdlng  period  of  low  pressure; 
and  that  when  these  periods  of  maximum  and  minimum  pressure  ap- 
proximately correspond  to,  or  synchronize  with  the  natural  periods  of 
vibration  either  in  the  forging,  the  tool,  the  tool  support,  or  in  any 
part  of  the  driving  mechanism  of  the  machine,  there  will  be  a  resultant 
chatter  In  the  work.  On  the  other  hand,  in  the  case  of  tools  with 
curved  cutting  edges,  the  thickness  of  the  shaving  varies  at  all  points 
along  the  cutting  edge.  From  this  fact  It  Is  obvious  that  when  the 
highest  pressure  corresponding  to  one   thickness  of  shaving  along  a 
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curved  cutting  edge  is  reached,  the  lowest  pressure  which  corresponds 
to  another  thickness  of  shaving  at  another  part  of  the  cutting  edge 
is  likely  to  occur  at  about  the  same  time,  and  that  therefore  varia- 
tions up  and  down  in  pressure  at  different  parts  of  the  curve  will 
balance  or  compensate  one  for  the  other.  It  is  evident,  moreover,  that 
at  no  one  period  of  tlbe  can  the  wave  of  high  pressure  or  low  pressure 
extend  along  the  whole  length  of  the  curved  cutting  edge. 

Belation  Between  Cost  of  Forging  and  Grinding. 

In  adopting  the  general  shape  or  conformation  of  a  tool  (we  do  not 
here  refer  to  the  curve  of  the  cutting  edge),  the  most  important  con- 
sideration is  that  of  selecting  a  shape  with  which  the  largest  amount 
of  work  can  be  done  for  the  smallest  combined  coat  of  forging  or 
dreaHng  and  grinding,  and  the  dressing  is  the  much  more  expensive 
of  these  two  operations.  It  is,  therefore,  of  paramount  importance  to 
so  design  the  tool  that  it  can  be  ground: 

a.  The  greatest  number  of  times  with  a  single  dressing; 

&.  With  the  smallest  cost  each  time  it  is  ground. 

Modem  high-speed  tools  when  run  at  economical  speeds  are  injured 
much  more  upon  the  lip  surface  than  upon  the  clearance  flank.  There- 
fore, at  each  grinding  a  larger  amount  of  metal  must  be  ground  away 
from  the  lip  surface  than  from  the  clearance  flank;  and  yet  in  many 
cases  the  clearance  flank  will  be  more  or  less  injured  (rubbed  or 
scraped  away)  below  the  cutting  edge,  and  it  therefore  becomes  nec- 
essary, for  maximum  economy,  in  practical  use,  to  grind  roughing 
tools  both  upon  their  lip  and  their  clearance  surfaces. 

In  many  shops  the  practice  still  prevails  of  merely  cutting  a  piece 
of  the  proper  length  from  a  bar  of  steel  and  grinding  the  curve  or 
outline  of  the  cutting  edge  at  the  same  level  as  the  top  of  the  tool, 
as  shown  in  Figs.  41  and  43.  This  entails  the  minimum  cost  for  dress- 
ing, but  makes  the  grinding  very  expensive,  since  the  lip  surface  must 
be  ground  down  into  the  solid  bar  of  steel,  thus  bringing  the  comer  of 
the  grindstone  or  emery  wheel  at  once  into  action  and  keeping  it 
continually  at  work.  This  quickly  rounds  over  the  comer  of  the  stone, 
and  necessitates  its  frequent  truing  up,  thus  increasing  the  cost  of 
grinding,  both  owing  to  the  waste  of  the  stone  and  the  time  re- 
quired to  keep  it  in  order;  and  it  also  leaves  the  face  of  the  grind- 
stone high  in  the  center  most  of  the  time,  and  unfit  for  accurate  work. 
As  far  as  possible,  then,  the  shape  of  standard  cutting  tools  should  be 
such  as  to  call  for  little  or  no  grinding  in  which  the  comer  of  the 
emery  wheel  does  much  work.  With  the  type  of  tool  illustrated  in 
Fig.  43,  also,  comparatively  few  grindings  will  make  a  deep  depression 
in  the  body  of  the  tool,  as  shown  in  the  lower  view  of  Fig.  44,  and 
this  depression  will,  of  course,  be  greater  the  steeper  the  back  slope  of 
the  lip  surface  of  the  tool. 

To  avoid  these  difficulties,  perhaps  the  larger  number  of  well-man- 
aged machine  shops  in  this  country  have  adopted  a  type  for  dressing 
their  tools  in  which  the  front  of  the  tool  is  forged  slightly  above  the 
level  of  the  tool,  as  shown  in  the  lower  view  of  Fig.  41  and  in  the 
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middle  view  of  Fig.  44.     This  type  of  tool  dressing  Is  done  In  each  of 
the  following  ways: 

A.  By  laying  the  tool  on  Its  side  and  slightly  flattening  its  nose 
by  striking  it  with  a  sledge,  thus  narrowing  the  nose  of  the  tool  and 
at  the  same  time  raising  it  slightly  above  the  level  of  the  top  of  the 
tool. 

B.  By  cutting  off  the  clearance  flank  of  the  tool  at  a  larger  angle 
than  is  demanded  for  clearance,  and  then  slightly  turning  up  the 
cutting  edge  of  the  tool  through  sledging  upon  the  clearance  flank 
while  the  tool  is  held  upon  the  edge  of  the  anvil  with  its  shank 
below  the  level  of  the  anvil. 

The  objection  to  both  of  these  types  Is  that  the  tools  require  redress- 
ing after  being  ground  a  comparatively  small  number  of  times,  and  that 
when  redressed,  in  many  cases  the  whole  nose  of  the  tool  is  cut  oft 
and  thrown  away.  This  waste  of  metal,  however,  is  of  much  less 
consequence  than  the  frequency  of  dressing.  With  the  first  of  these 
types  of  tool  dressing  the  tendency  is  to  make  the  nose  of  the  tool  too 
thin,  that  is,  having  too  small  a  radius  of  curvature,  and  thus  to  fur- 
nish a  tool  which  must  be  run  at  too  slow  a  cutting  speed. 

LenfiTth  of  Shanks  of  Cuttinsr  Tools. 
In  choosing  the  proper  lengths  for  cutting  tools,  we  again  find  two 
conflicting  considerations : 

A.  It  requires  a  certain  very  considerable  length  for  the  shank  of 
the  cutting  tool  in  order  to  fasten  or  clamp  it  in  its  tool-post.  When 
the  tool  becomes  shorter  than  this  minimum,  it  must  be  thrown  away, 
thus  wasting  costly  metal,  particularly  in  the  case  of  the  modern 
high-speed  tools. 

B.  On  the  other  hand,  the  longer  the  body  of  the  tool,  the  more 
awkward  and  the  slower  become  all  of  the  operations  in  handling  the 
tool,  beginning  with  the  dressing  and  followed  by  the  grinding,  stor^ 
ing,  handling  in  the  tool  room,  and  setting  and  adjusting  in  the 
machine. 

There  is  no  definite,  clear  cut  method  of  comparing  the  relative 
loss  in  handling  long  and  heavy  tools  with  that  of  the  waste  of  the 
tool  steel,  so  that  the  adoption  of  standard  lengths  for  dressing  tools 
of  various  sizes  has  been  largely  a  matter  of  "rule  of  thumb"'  judg- 
ment, and  the  length  of  tools  which  have  been  adopted,  corresponding 
to  different  sized  bodies,  is  given  In  the  table  below. 

Let  width  of  shank  of  tool  =  A,  and  length  of  tool  =  L;  then  L  = 
14A  4-  4  Inches. 

Size  of  Size  of 
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CHAPTER  IV. 


STRAIGHT  AND  CIRCULAR  FORMING  TOOLS. 

Almost  every  machinist  who  is  engaged  In  tool  work  will  have  more 
or  less  to  do  with  the  making  of  forming  tools.  These  may  be  used 
for  shaping  sheet  metals,  or  for  use  under  the  drop  hammer,  or  again* 
they  may  be  employed  in  the  lathe,  planer,  shaper,  or  milling  machine. 
It  is  the  object  in  the  present  chapter,  however,  to  confine  ourselves 
to  a  description  of  the  straight  and  circular  forming  tools  that  are  so 
universally  used  on  screw  machines.  For  certain  purposes  these  tools 
need  not  be  of  a  very  exact  nature,  while,  again,  they  require  great 
accuracy  in  their  construction  when  they  are  to  be  used  for  the  manu- 
facture of  interchangeable  parts.  As  the  old  saying  goes:  "It  is  easy 
enough  to  make  one  alike,"  but-  when  it  is  necessary  to  make  dupli- 
cate tools  it  is  quite  a  difficult  task. 

While  there  are  numerous  methods  employed  for  making  these  tools. 


Flff.  46.    Piece  of  Work  to  be  Made. 

but  little  has  ever  been  written  in  a  way  which  will  enable  the  machin- 
ist to  compute  the  distances,  diameters,  or  angles  so  as  to  produce  the 
required  dimensions  on  the  finished  work.  If,  for  instance,  a  circular 
tool  is  to  produce  certain  diameters  on  the  work,  and  we  transfer  the 
exact  ratio  of  these  different  diameters  from  the  drawing  to  the  form- 
ing tool,  we  will  not  be  able  -to  get  the  required  dimensions  when  the 
cutting  edge  of  the  tool  is  one-quarter  of  an  Inch  below  the  center.  If 
we  have  to  make  a  straight  forming  tool  which,  in  the  machine,  is  to 
stand  at  an  angle  of  15  degrees,  we  can,  when  it  Is  not  very  wide, 
avail  ourselves  of  the  use  of  a  master  forming  tool.  When,  however, 
the  tool  is  very  wide,  so  that  the  use  of  the  master  tool  is  unpractical, 
and  it  is  necessary  to  mill  or  plane  it  to  shape,  some  computation  is 
then  necessary  In  order  to  make  the  shape  such  that  it  will  produce 
the  required  dimensions  on  the  work  when  the  tool  is  held  at  an  angle 

in  the  machine. 

Making  Straight  Forming  Tools. 

We  will  first  consider  a  method  of  making  straight  forming  tools 
which  has  proved  satisfactory  and  will  produce  accurate  results   if 
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properly  manipulated.  We  will  suppose  that  we  are  called  upon  to 
make  the  tools  for  producing  with  accuracy  such  a  piece  of  work  as 
shown  in  Fig.  45,  and  that  a  master  former  is  to  be  made  so  that  at 
any  future  time  the  forming  tool  can  be  duplicated  at  small  expense. 
-The  master  former  will  be  made  as  In  Pig.  46,  being  an  accurate  dupli- 
cate of  our  model  with  the  addition  of  a  shank  about  an  inch  and  a 
half  in  length  on  each  end,  these  shanks  serving  as  an  arbor  for  the 
tool. 

The  formed  part  is  then  milled  down  to  the  center,  to  produce  a 
cutting  face  for  future  operations,  after  which  it  is  hardened,  tem- 
pered and  the  face  accurately  ground.  To  facilitate  this  face  grinding 
the  fixture  shown  in  Fig.  47  Is  employed,  the  work  being  done  on  a 
surface  grinder.  The  most  essential  point  to  be  observed  in  grinding 
such  a  former  is  to  have  the  cutting  face  radial,  and  this  is  accom- 
plished by  the  use  of  this  fixture.  The  fixture  is  placed  on  the  grinder 
so  that  th6  line  of  centers  is  at  right  angles  with  the  emery  wheel; 
the  center  c  is  removed  from  the  block  d,  and  the  emery  wheel  is 
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Piff.  40.    Master  Former. 


brought  to  bear  on  the  ball  h,  which  is  a  running  fit  in  the  lever  a. 
This  lever  is  fulcrumed  on  the  block  d  and  is  held  upward  by  means 
of  a  spring  attached  to  the  short  arm.  With  the  emery  wheel  at  rest, 
the  table  of  the  grinder  is  now  run  back  and  forth  and  the  wheel  fed 
downward  until  it  reaches  such  a  position  that  when  it  passes  over 
the  ball  &,  the  front  end  of  the  lever  will  indicate  zero.  This  shows 
the  operator  that  the  periphery  of  the  wheel  is  in  perfect  alignment 
with  the  center  of  the  fixture.  The  center  c  is  then  replaced  and  the 
master  former,  with  dog  attached,  is  placed  between  the  centers  and 
ground.  By  the  use  of  the  handle  e,  which  engages  the  knurled  head 
of  the  adjustable  center,  the  former  is  turned  slightly  after  each  cut 
across  the  face  until  a  keen  cutting  edge  on  the  same  is  obtained. 

The  block  from  which  the  forming  tool  is  to  be  made  is  placed  in 
the  vise  of  the  milling  machine  and  roughed  out  as  near  to  the  formed 
shape  as  possible,  after  which  the  master  former  is  substituted  for 
the  milling  cutter,  as  shown  in  Fig.  48.    The  cutting  face  must  stand 
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at  the  same  angle  with  the  perpendicular  as  the  forming  tool  is  to 
stand  when  placed  in  the  screw  machine,  and  it  is  very  essential  to  ob-. 
serve  this  point  if  accurate  results  are  desired.  When  the  proper  angle 
of  the  former  has  been  obtained,  it  is  secured  in  position  by  a  wooden 
wedge  tapped  in  between  the  cone  and  the  frame  of  the  milling  ma- 
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Fiff.  47.    Devloe  for  Oiindiaff  Master  Former. 

chine,  and    the    table  is  then    run  back  and    forth  until   the  forming 
tool  ds  cut  to  the  desired  shape. 

Use  of  Second  Master  Former. 

If  an  extra  long  forming  tool  is  required,  say  eight  or  nine  inches 

in  length,  and  it  is  desired  to  prolong  the  life  of  the  master  former, 

we  would  then  make  use  of  a  second  master  former,  constructed  as 

previously  described  for  the  forming  tool.    TMs  second  master  former 


Fl0.  48.    Making  the  Forming  Tool  ttom  the  Master  Former. 

fits  into  a  holder,  as  shown  in  Fig.  49,  and  when  it  is  being  formed 
should  be  held  at  right  angles  with  the  bed  of  the  machine.  It  is 
then  necessary  to  m^ke  a  similar  piece  to  be  used  for  making  the 
working  formers.  To  avoid  confusion  we  will  call  this  first  piece 
No.  1  and  the  next  piece  to  be  made  No.  2.  This  second  piece  must 
have  the  form  of  Xo.  1  transferred  to  it  and  for  this  purpose  it  is 
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placed  In  the  block  shown  in  Fig.  50,  which  holds  it  at  an  angle  of  10 
degrees  with  the  shaper  vise.  Piece  No.  1,  in  its  holder,  is  placed  in 
the  toolpost  of  the  shaper  where  a  tapered  block  holds  it  at  a  corre- 
sponding angle  with  piece  No.  2,  so  that  their  faces  are  in  line,  as 
shown  in  Fig.  51.  By  locating  these  pieces  in  this  way  the  form  of 
No.  1  can  be  accurately  transferred  to  No.  2,  at  the  same  time  giving 
No.  2  the  required  clearance  so  that  it  can  then  be  held  squarely  in 
the  shaper  toolpost  and  used  to  shape  the  forming  tools  that  are  held 
in  the  shaper  vise  at  an  angle  of  10  degrees. 


To  make  this  last  method  clear  we  must  bear  in  mind  that  at  what- 
ever angle  the  forming  tool  stands  when  in  the  screw  machine,  this 
angle  must  be  maintained  for  setting  the  face  of  the  master  former. 
This  transfers  the  form  to  No.  1  and  overcomes  the  discrepancy  caused 
by  the  tool  standing  at  an  angle  in  the  screw  machine,  and  this  when 
In  turn  transferred  to  No.  2  gives  it  the  clearance  required  and  the 
exact  shape  of  No.  1. 


Fiff.  0O.    Method  of  Holdinsr  Formlnsr  Tool  while  Bhapioff. 

There  are  numerous  other  methods  in  use  for  accomplishing  this 
class  of  work  and  some,  no  doubt,  may  be  simpler,  but  they  do  not 
yield  such  accurate  results.  One  of  these  methods  consists  in  filing  a 
templet  to  fit  the  model  and  from  this  making  the  shaping  tool,  which 
In  turn  is  placed  in  the  shaper  with  the  face  standing  at  the  same 
angle  as  will  the  forming  tool  when  placed  in  the  screw  machine. 
Then  the  forming  tool  blank  Is  put  in  the  vise  and  shaped  up  in  the 
usual  way. 
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Maklngr  Concave  Formlngr  Tools  In  the  Mllllnsr  Machine. 

Fig.  52  illustrates  a  very  interesting  method  of  making  a  concave 
forming  tool  such  as  Is  used  for  backing  oft  convex  milling  cutters. 
This  tool  has,  of  course,  the  same  shape  for  its  entire  depth  so  that  it 
may  be  ground  and  reground  without  changing  its  original  form. 

In  Fig.  52,  B  represents  the  tool  which  is  held  in  the  holder  A  at 
an  angle  of  76  degrees  with  the  table  of  the  milling  machine,  this 
giving  to  the  tool  the  proper  cutting  clearance.  The  first  thing  to  be 
done,  after  placing  the  tool  in  the  holder,  Is  to  mill  off  the  top  of  the 
tool  BO  that  it  will  be  parallel  with  the  table  of  the  machine.    A  semi- 


iMhM(HaiiVMt.jr.r. 
Flff.  01.     Method  of  Holding  Second  Master  Former  In  Bbaper. 

circle  of  the  desired  radius  is  then  drawn  on  the  back  of  the  tool,  and 
with  any  cutter  that  is  at  hand,  it  is  milled  nearly  to  the  mark,  care 
being  taken  not  to  go  below  it.  For  finishing  the  cutter,  a  plug,  C.  Is 
made,  the  end  being  hardened  and  ground  in  a  surface  grinder.  This 
plug  is  held  in  a  special  holder,  D,  which  fits  the  spindle  of  the  milling 
machine,  and  when  It  Is  set  so  that  its  axis  is  perpendicular  to  the 
tool,  the  spindle  of  the  machine  is  firmly  locked.  Some  machines  are 
now  being  built  with  provision  for  locking  the  spindle,  but  If  not  bo 
made  the  same  result  may  be  accomplished  by  driving  wedges  under 
the  cone  pulley.  Now,  by  moving  the  platen  of  the  machine  backward 
and  forward  by  hand,  the  plug  can  be  made  to  cut  a  perfect  semi-circle 
in  the  tool. 
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U  la  good  practice  to  plane  a  little  below  half  of  the  diameter  of 
the  plug,  thus  allowing  some  stock  to  be  ground  off  after  the  tool  is 
hardened.  In  hardening,  these  tools  usually  come  out  very  satisfac- 
torily, but,  if  any  distortion  takes  place,  it  will  be  from  the  sides,  and 
may  be  readily  remedied  by  a  little  stoning.  By  using  the  concave 
tool  for  a  planing  tool,  as  shown  in  the  sketch  at  G,  a  convex  tool  may 
be  formed,  but  in  doing  so  care  should  be  taken  that  both  tools  stand 
at  an  angle  of  76  degrees  with  the  bed  of  the  machine.  This  shape 
of  tool  would  be  used  for  backing  off  a  concave  cutter.  The  descrip- 
tion of  this  method  was  contributed  to  Machinery,  December,  1903,  by 
J.  J.  Lynskey. 

Computing  Dimensions  for  Forminsr  Tools. 

The  foregoing  methods  have  all  been  based  upon  the  duplication  of 
the  formers  by  mechanical  means,  but  we  will  now  consider  other 
methods  in  which  the  dimensions  of  the  formed  tool  are  computed 
from  the  ratios  of  the  different  diameters  on  the  work.  We  have 
already  made  it  clear  that  an  error  will  exist  if  we  transfer  to  the 
tool  the  exact  differences  in  the  various  radii  on  the  work,  and  it  is 
to  overcome  this  error  that  we  subtract  from  the  dimensions  of  the 
work  such  differences  as  are  caused  by  the  tool  standing  at  an  angle 
in  the  machine. 

As  will  be  readily  seen  in  the  figure  at  the  head  of  Table  I,  the  line 
a  c  is  always  longer  than  h  c,  and  as  a  c  must  be  equal  to  the  difference 
between  two  radii  on  the  work,  h  c  will  consequently  equal  acX  cosine 
of  the  angle  at  which  the  tool  is  to  rest  in  the  machine.  Table  1  is 
arranged  to  facilitate  the  computation  of  the  tool  dimensions  to  give 
required  dimensions  on  the  work.  In  the  first  column  is  given  the 
distance  ac,  or  the  actual  cutting  distance;  and  the  second,  third  and 
fourth  columns  give  corresponding  distances  he  when,  the  tool  is  to 
stand  at  an  angle  of  ten,  fifteen  or  twenty  degrees  in  the  machine. 

To  illustrate  the  use  of  this  table  we  will  take  as  an  example  the 
piece  shown  in  Fig.  53,  the  respective  diameters  of  which  are  1.75  inch, 
0.75  inch  and  1.25  inch.  We  will  first  reduce  these  diameters  to  their 
respective  radii,  which  equal  0.875,  0.375  and  0.625.  Now  the  differ- 
ence between  the  first  and  the  second  is  0.500,  which  would  equal  the 
actual  cutting  edge  on  the  tool,  or  a  c.  Referring  to  our  table  we  find 
in  the  first  column  our  distance  a  c  =  0.500,  and  if  the  tool  is  to  set 
at  an  angle  of  15  degrees  we  find  our  corresponding  value  for  he  in 
the  third  column;  6  c  =  0.482965.  In  the  same  way  we  find  our  second 
step  which,  for  a  difference  in  radii  of  0.25,  equals  0.193186  +  0.048297  = 
0.241483.  If  we  then  plane  our  forming  tool  so  that  the  steps  will 
measure  0.4830  and  0.2415  respectively,  whe'n  this  tool  is  placed  in  the 
machine  with  the  cutting  face  perfectly  central  with  the  work,  and 
the  front  face  at  an  angle  of  15  degrees,  the  diameters  turned  will 
correspond  to  those  in  the  sketch. 

It  often  happens  that  an  angle  is  to  be  turned  upon  the  piece  and 
this  angle  will  naturally  change  when  the  tool  is  placed  at  an  angle. 
Table  II  has  therefore  been  computed  to  give  the  angle  that  Is  to  be 
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Angle  Measured  on  Formed  Side,  which  coincides 

with  Angle  A  on  Cutting  Face,  when  Forming  Tool 

sUndg  at  10, 15  or  80  degreeg  from  Perpendicular. 
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made  on  the  tool  for  obtaining  a  required  angle  on  the  work.  The 
angles  given  are  measured  from  the  center  line  of  the  piece  or,  what 
is  the  same  thing,  with  the  formed  face  of  the  tool.  Thus  in  Fig.  53 
we  have  an  angle  of  45  degrees,  and  as  the  forming  tool  will  rest  at 
an  angle  of  15  degrees  in  the  machine,  we  refer  to  the  third  column  of 
Table  II,  where  we  find  44  degrees  as  the  proper  angle  for  the  tool, 
and  if  the  tool  is  made  to  this  angle  it  will  cut  the  work  to  the  45 
degrees   required.     The  angular   difterence,   as   will   be   seen,   is  the 


i^i*u«Haiiv«H,iir.r. 


>^^ 


Fig.  68.    Bxaxnple  of  Work  for  which  Pormloff  Tool  DlmensionB  are  to  be  Computed. 

greatest  at  45  degrees,  from  which  it  decreases  at  about  the  same 
rate  toward  zero  and  90  degrees. 

Circular  Forming  Tools. 

Circular  forming  tools  are  used  in  the  same  capacity  as  straight 
ones,  and  to  make  them  accurately  entails  quite  a  little  computation. 
Whenever  a  circular  tool  has  two  or  more  diameters  a  discrepancy 
will  exist  between  the  different  diameters  on  the  tool  and  on  the 


O  C  =  Radius  of  f  onning  tooL 

OB  =  Second  radius  of  forming  tooL 

OA  =  Distance  from  center  to  cutting  face  of  tool. 

AB  =    VOB^  -  OA* 

BC  =    )/{0C'  -  OA*) ^(0B»  -  OA*) 


Tig.  64.    Formulas  for  Oiroular  Pormlnff  Toola. 

work,  if  the  cutting  face  is  below  the  center  of  the  tool.  In  Fig.  54 
are  given  the  formulas  necessary,  for  calculating  the  diameters  of 
circular  forming  tools,  and  Table  III  has  been  computed  to  show  the 
discrepancies  and  to  assist  in  determining  the  proper  diameters  of 
formed  tools  to  give  required  diameters  on  the  work.  The  first  and 
second  columns  give  the  diameters  and  radii  respectively  of  the  formed 
tools,  while  the  third  column  gives  the.  distance  from  the  vertical 
center  line  of  the  tool  to  the  cutting  edge  when  the  cutting  face  is  % 
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Inch  below  the  horizontal  center  line.  The  following  three  columns 
give  the  constants  that  are  to  be  used  in  computing  the  various  diame- 
ters of  the  forming  tools  when  the  cutting  face  is  %'  inch  below  the 
horizontal  center  line,  as  will  be  made  clear  in  the  example  following. 
In  the  remaining  columns  are  tabulated  similar  values  as  these,  for 
use  when  the  cutting  face  of  the  tool  is  3/16,  1/4,  and  5/16  inch  below 
the  horizontal  center  line  of  the  tool.  As  there  is  no  standard  dis- 
tance for  the  location  of  the  cutting  face,  the  table  has  accordingly 
been  prepared  to  correspond  with  such  distances  as  are  most  com- 
monly used. 

As  an  example  illustrating  the  use  of  these  tables  we  will  consider 
that  we  are  to  make  a  circular  forming  tool  for  the  piece  shown  in 
Fig.  53,  and  that  the  largest  diameter  of  the  tool  is  to  be  3  inches,  and 
its  cutting  face  ^  inch  below  the  horizontal  center  line.  The  first 
step  will  be  to  determine  approximately  the  respective  diameters  of 
the  forming  tool  and  then  to  correct  them  by  the  use  of  the  tables. 

The  diameters  of  the  piece  are  1.750,  0.750  and  1.250  respectively. 


Flff.  65.    Forming  Tool  Built  Up  of  Sectiona. 

and  to  produce  these  with  a  3-inch  cutter  the  diameters  of  the  tool 
would  be  approximately  2.000,'  3.000,  and  2.500  inches  respectively. 
The  first  dimensions,  2.000,  is  1.000  in  diameter  less  than  the  diameter 
of  the  tool,  and  for  the  correction  we  would  look  in  the  column  of 
differences  for  inches,  but  as  the  tables  are  only  extended  to  half 
inches  we  will  be  obliged  to  obtain  our  correction  in  two  steps.  On 
the  line  for  3-inch  diameter,  and  under  corrections  for  %  inch,  we 
find  0.00854;  and  then  on  line  of  2%,  and  under  the  same  heading, 
we  find  0.01296,  consequently  our  total  correction  would  be  0.00854  + 
0.01296  =  0.02150.  This  correction  is  added  to  the  approximate  diame- 
ter, making  the  exact  diameter  of  our  first  step  2.000  -f  0.02150  = 
2.02150  inches.  Our  next  step  would  be  computed  in  the  same  way  by 
noting  on  the  3-inch  line  the  correction  for  y^  ^tlcIi  and  adding  it  to 
the  approximated  diameter  of  our  second  step,  giving  us  an  exact 
diameter  of  2.500  -f  0.00854  =  2.50854.  Thus  our  tool,  to  produce  the 
piece  shown  in  the  example,  would  have  three  steps  of  3,000,  2.0215, 
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and  2.5085  Inches,  respectively,  If  it  is  to  have  its  cutting  face  ^4  Inch 
below  center.  All  diameters  are  computed  in  this  way,  from  the 
largest  or  fixed  diameter  of  the  tool. 

In  conclusion,  attention  should  be  called  to  the  formed  tool,  illus- 
trated in  Fig.  55,  which  is  made  in  sections  so  that  all  diameters,  sides, 
and  angles  can   be   easily  ground  after  the  tool   is   hardened.     This 


f\=^ 


W 


PORMINO  TOOL 


END  VIEW  OF  PtECE 
TO  BE  FORMED 


Fig.  SO.    Pormlnff  Tool  and  Bnd  View  of  Work. 

design  is  of  especial  value  when  such  tools  are  made  from  high  speed 
steel,  as  the  finished  surfaces  are  likely  to  be  roughened  by  the  high 
heat  that  is  necessary  for  hardening. 

Formulas  for  Circular  Forminir  Tools. 

The  formulas  required  for  circular  forming  tools  may,  perhaps,  be 

expressed  somewhat  simpler  than  has  been  previously  done  In  this 

chapter.    Assume  in  Fig.  56,  for  Instance,  that  the  distance  A  in  the 

piece  to  be  formed  equals  the  distance  a  on  the  forming  tool,  but  as 


Jlachiiiery^'.Y. 
Flff .  57.    Pleo«  to  be  Formed. 

this  latter  distance  is  measured  in  a  plane  a  certain  distance  b  below 
the  horizontal  plane  through  the  center  of  the  forming  tool,  it  is  evi- 
dent that  the  dlfterences  of  diameter  In  the  tool  and  the  piece  to  be 
formed  are  not  the  same.  A  general  formula  may,  however,  be  de- 
duced by  use  of  elementary  geometry  by  means  of  which  the  various 
diameters  of  the  forming  tool  may  be  determined  if  the  largest  (or 
smallest)  diameter  of  the  tool,  the  amount  that  the  cutting  edge  Is 
below  the  center,  and,  of  .course,  the  diameters  of  the  piece  to  be 
formed,  are  known. 
If  ie  =  the  largest  radius  of  the  tool, 

a  =  difference  in  radii  of  steps  in  the  work,  and 
&  =  amount  cutting  edge  is  below  center. 
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then,  if  r  be  the  radius  looked  for, 

If  the  smaller  radius  r  is  given  and  the  larger  radius  R  sought,  the 
formula  takes  the  form: 

^  =  V  (\/r*  -  b*  -h  a)*  +  h* 
Suppose,  for  an  example,  that  a  tool  is  to  be  made  to  form  the  piece 
in  Fig.  57.    Assume  that  the  largest  diameter  of  the  tool  is  to  be  3 
inches,  and  that  the  cutting  edge  Is  to  be  %  inch  below  the  center  of 
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Flff.  68.    Diagram  for  Circular  Formlnff  Tools. 

the  tool.     Then  the  diameter  next  smaller  to  3  inches  is  found  from 
the    formulas   given    by    inserting   the    given    values:    12  =  1%    inch, 
&=:^  inch,  and  a=V4   inch   (half  the  difference  between  4  and  3% 
inches;  see  Fig.  57.) 
Then  ___      _        ____ ^i  ni7 

=  1.254  inch. 


Digitized  by 


Google 


FORMING  TOOLS 


89 


While  the  formula  looks  complicated,  by  means  of  a  table  of  squares 
the  calculations  are  easily  simplified  and  can  be  carried  out  in  three 
of  four  minutes.  The  value  of  r  being  1.254  inch,  the  diameter  to  make 
the  smaller  step  of  the  forming  tool  will  be  2.508  inches,  instead  of  2% 
inches  exact,  as  would  have  been  the  case  if  the  cutting  edge  had  been 
on  the  center  line. 

Charts  for  Dimensions  of  Formin^r  Tools.    ' 

The  charts  in  Figs.  58  and  59  have  been  computed  for  the  same  pur- 
pose as  the  tables  just  explained,  and  the  various  curves  and  lines 
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"Fig.  60.    Dlagrun  for  Straight  Forming  Tools. 

thereon  are  made  to  correspond  to  what  is  generally  used.  An  illus- 
tration of  their  use  will  offer  the  best  way  of  explaining  them.  Refer- 
ring to  Chart  Fig.  58,  the  distance  A  (see  cut)  thereon  is  calculated 
from  whatever  the  piece  is,  we  have  to  make.  Under  the  word  "Given," 
at  the  top  and  bottom  of  the  chart,  locate  A,  and  follow  down  (or  up) 
the  vertical  line  until  it  intersects  the  proper  curve.   This  point,  car- 
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ried  to  the  right  by  the  horizontal  line,  will  indicate  the  correction  to 
be  added  to  the  diameter,  after  subtraction  of  2A,  of  course.  The  hori- 
zontal divisions  for  the  verticals  vary  by  0.016  inch,  and  the  correc- 
tions read  to  0.001  inch,  which  for  practical  use  is  as  near  as  required. 
The  same  Illustration  will  answer  for  Chart  Fig.  59;  in  this  the  cor- 
rection is  carried  around  to  the  right  of  chart  for  larger  values. 

The  Chart  Fig.  58  shows  only  five  curves,  and  there  is  no  question 
but  what  there  are  many  other  standards,  so  it  is  quite  impossible  to 
make  a  complete  chart  or  table.  Unless  we  know  all  standards,  how- 
ever, it  is  best  to  avoid  useless  calculations. 
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General  Notes  on  Die  Making. 
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Action  of  Gears,  th^  Arithmetic  of  Spur  Gearing,  Formulas  for  the  Strength  oi 
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.  No.  16.  Machine  Tool  Drives. — Contains  chapters  on  the  Speeds  and 
Feeds  of  Machine  Tools;  Machine  Tool  Drives;  Single  Pulley  Drives;  and 
Drives  for  High  Speed  Cutting  Tools. 

No.  17.  Strength  of  Cylinders. — Deals  with  the  subject  of  strength  of 
cylinders  against  internal  hydraulic  or  steam  pressure.  Formulas,  tables  and 
diagrams  are  given  to  facilitate  the  design  of  such  cylinders. 

No.  18.  Arithmetic  for  the  Machinist. — Among  the  various  subjects 
treated  are  the  following:  The  Figuring  of  Change  Gears;  Indexing  Movements 
for  the  Milling  Machine;  Diameters  of  Forming  Tools;  and  the  Turning  of 
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No.  19.  Use  of  Formulas  in  Mechanics. — This  pamphlet  Is  adapted  for  the 
man  who  lacks  a  fundamental  knowledge  of  mathematics.  It  opens  with  a 
chapter  on  mechanical  reading  in  general,  and  proceeds  to  explain  thoroughly 
the  use  of  formulas  and  their  application  to  general  mechanical  subjects. 
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CHAPTER  L 


WORKIINQ  DRAWINGS. 

A  working  drawing  should  convey  to  the  eye  of  the  obsenrer  a  clear 
idea  of  what  the  draftsman  or  designer  wants  made,  and  of  how  the 
various  details  are  to  be  carried  out  The  drawing  should  be  so  com- 
plete that  when  it  is  passed  into  the  shop  no  further  questions  will 
be  necessary,  and  to  this  end,  all  necessary  information  as  to  material, 
bolts  and  screws,  the  kind  of  fits  and  finish  desired,  etc.,  should  be 
plainly  marked  on  the  drawing. 

It  is  not  the  business  of  the  mechanical  draftsman,  however,  to  make 
pictures,  and  he  seldom  has  occasion  to  draw  perspective  views.  He 
has  to  convey  his  ideas  by  simpler  methods  than  this,  and  in  making 
working  drawings  uses  what  is  called  "Orthographic  Projection,"  or 
projection,  simply.  His  drawing  may  not  always  look  like  the  object, 
from  the  pictorial  standpoint,  since  certain  conventional  figures  and 
methods  are  adopted  to  represent  machine  parts,  which  can  be  drawn 
much  quicker  in  this  way  than  if  their  true  form  were  reproduced.  Thus, 
it  is  not  customary  to  draw  screw  threads  in  the  way  i^  which  they 
actually  appear  to  the  eye;  an  easier  and  quicker  method  of  repre- 
senting them  is  adopted,  and  the  same  is  true  of  other  parts. 

To  read  working  drawings,  or  to  be  able  to  make  them,  one  must 
not  only  be  familiar  with  the  conventional  methods  commonly  used, 
but  one  must  understand  wherein  they  differ  in  principle  from  perspec- 
tive drawings  or  photographs,  which  represent  the  object  as  it  appears 
to  the  eye. 

To  a  novice  a  working  drawing  looks  like  a  lot  of  lines  that  do  not 
represent  clearly  what  they  are  intended  to  show;  but  an  experienced 
mechanic  or  draftsman  finds  that  his  attention  is  not  taken  by  the 
mere  lines,  and  that  he  involuntarily  thinks  of  the  objects  which  they 
stand  for. 

Projection  Drawing. 

Briefly  stated,  when  a  drawing  is  made  by  projection,  it  represents  an 
object  as  one  would  see  it  if  the  eye  could  be  directly  over  each  point 
of  the. object  at  the  same  time;  or,  what  would  be  the  same  thing,  if 
one  could  stand  at  an  infinite  distance  from  the  object  and  still  ob- 
serve it. 

By  a  very  simple  illustration  the  reader  will  be  able  to  understand 
the  meaning  of  this  definition  and  will  see  what  is  the  difference  be- 
tween a  view  in  perspective,  such  as  one  sees  in  a  picture,  and  a 
view  in  projection,  such  as  one  finds  in  a  working  drawing. 

Place  an  open  box  on  its  side,  and  then  look  at  the  box  with  your 
eyes  directly  in  front  of  the  open  side;  or  if  preferred,  place  a  camera 
in  this  position  and  photograph  the  box.    The  result  will  be  a  view.  Fig. 
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4  DRAWINGS  AND  DRAFTING  TOOLS 

1,  where  not  only  the  front  edge  of  the  box  appears,  but  the  interior 
sides  and  bottom  as  well,  indicated  by  the  lines  ABCD,  The  reason 
for  this  is  that  the  lines  of  sight  diverging  from  the  eye  of  the  ob- 
server reach  both  the  front  edge  of  the  box,  as  Indicated  at  A  and  B 
in  Fig.  2,  and  the  bottom,  indicated  at  C  and  D,  This  is  a  view  in 
perspective  and  from  it  one  gets  a  partial  idea,  at  least,  of  the  shape 
and  depth  of  the  box,  besides  the  shape  of  the  front  edge. 

In  Fig.  3  is  the  same  view  of  the  box,  but  shown  In  projection.  Here 
theVe  is  nothing  to  indicate  what  the  depth  of  the  box  is.  The  view 
gives  a  conception  of  the  shape  of  the  front,  but  to  form  an  idea  of  its 
depth  there  must  be  another  view  taken  at  right  angles  to  the  front 
view. 

In  Fig.  4  is  shown  how  this  View  in  projection  may  be  supposed 
to  be  produced.    The  box  is  placed  on  the  table,  and  in  front  of  It,  and 
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Flffs.  1  to  4.   Views  tn  PerspeotlTe  and  In  Orthogrftphlo  ProiJeotlon. 


parallel  with  it,  a  piece  of  glass.  Let  a  person  stand  so  that  his  eye 
will  come  directly  in  line  with  one  corner  X  of  the  box,  as  In  the  illus- 
tration, and  make  a  dot  on  the  surface  of  the  glass,  indicated  by  point 
1,  where  the  line  of  vision  passes  through  the  glass  to  this  comer. 
Now  let  him  move  until  his  eye  comes  exactly  in  front  of  point  7, 
and  mark  point  2  on  the  glass,  and  so  on,  all  the  way  around.  Then, 
by  connecting  points  1,  2,  3  and  4  he  will  have  a  correct  representa- 
tion in  projection  of  one  edge  of  the  front  of  the  box. 

The  lesson  taught  by  this  is  that  a  projection  drawing  gives  no 
idea  of  distance  to  or  from  the  observer  in  a  single  view,  but  repre- 
sents, simp]y>  the  distance  in  any  direction  in  a  plane  surface  like  a 
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WORKING  DRAWINGS  5 

sheet  of  drawing  paper,  held  squarely  In  front  of  the  observer.  This 
is  why  more  than  one  view  is  required  to  show  in  projection  what 
may  be  evident  in  a  single  view  of  perspective.  Also,  in  projection, 
the  views,  generally  being  taken  at  right  angles,  represent  the  sizes 
of  machine  parts  accurately,  while,  in  perspective,  part  or  all  of  them 
may  be  foreshortened,  making  it  difficult  to  properly  dimension  them. 

Arrangement  of  Views. 

In  Fig.  5  are  four  views  of  a  wedge-shaped  block  in  the  top  of  which 
is  driven  a  round  pin.  All  these  views  of  so  simple  an  object  are,  of 
course,  unnecessary,  and  they  are  merely  shown  in  order  to  indicate 
the  correct  positions  of  the  different  lines  in  the  several  views.  The 
front  view  appears  as  though  the  object  were  held  directly  in  front 
of  the  observer.  The  top  view  is  placed  above  the  front  and  appears 
as  though  the  observer  were  looking  down  upop  the  object.  The  end 
view  at  the  right  shows  the  block  as  it  would  appear  if  looked  at  from 
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Flff.  6.    Arranffemttnt  of  Views— Third  Angle  Projection. 

the  right-hand  end,  and  the  end  view  at  the  left  shows  it  as  it  would 
appear  if  looked  at  from  the  left. 

The  views,  arranged  as  here  shown,  are  in  what  is  known  as  the 
"third  angle  of  projection,"  the  full  meaning  of  which  cannot  be 
explained  without  taking  up  the  elementary  principles  of  projection,  a 
treatment  of  which  is  to  be  found  in  any  book  on  mechanical  drawing. 
This  is  the  arrangement  commonly  adopted  for  machine  drawings. 

In  Fig.  6  is  an  arrangement  of  views  of  the  same  object  in  what  is 
known  as  the  "first  angle  of  projection."  This  arrangement  is  gener- 
ally employed  in  architectural  and  in  structural  work,  such  as  draw- 
ings of  bridges,  etc.,  but  is  not  so  often  used  for  machine  drawings. 
It  will  be  noted  that  in  Fig.  6  the  top  view  Is  below  che  front  view, 
the  view  of  the  right-hand  end  of  the  block  is  shown  at  the  left,  and 
the  view  of  the  left-hand  end  is  shown  at  the  right.  Comparing  fur- 
ther, it  will  be  seen  that  in  Fig.  5  the  pin  in.  the  front  view  points 
toward  the  top  view,  while  in  Fig.  6  it  points  away  from  it;  and  In 
the  end  views,  the  pin  appears  near  the  inside  edges  in  Fig.  5,  and  near 
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the  outside  edges  in  Fig.  6.  The  views  are  so  arranged  in  Fig.  6  that 
if  the  top  view  be  placed  directly  on  top  of  the  block  and  then  the 
sheet  of  paper  be  folded  over  on  the  line  x  y,  the  front  view  will  come 
directly  in  front  of  the  block;  and  then  if  the  sheet  be  again  folded 
or  bent  back  aloDg  a  2),  the  left-hand  end  view  will  come  in  front  of 
the  left  end  of  the  block;  and  finally,  if  it  be  folded  back  along  cd, 
the  right-hand  end  view  will  come  in  front  of  the  right-hand  end  of 
the  block.  If  the  block  were  inclosed  in  a  box  having  transparent 
sides  and  the  outlines  of  the  block  were  traced  on  each  oi  the  sides  as 
they  appeared  to  an  observer  looking  through  the  successive  sides  of 
the  box,  and  finally  the  sides  were  unfolded  so  as  to  lie  flat  In  one 
plane,  the  views  would  appear  as  in  Fig.  5. 

To  produce  the  arrangement  shown  in  Fig.  6  we  may  assume  the 
block  to  rest  on  the  paper  with  its  top  side  uppermost.     If  we  then 


End  View. 


Top  View. 
Flff .  e.    Arrangement  of  Views— First  Angl«  Prc^jeotlon. 

mark  around  the  block  with  a  pencil  we  will  get  the  top  view  shown. 
If  the  block  then  be  tipped  over  with  its  front  side  uppermost  and 
we  mark  around  it,  the  front  view  will  be  obtained.  Again,  if  it  be 
tipped  first  on  one  end  and  then  on  the  other  the  two  end  views  will 
be  obtained. 

A  close  study  of  Figs.  5  and  6  will  show  how  necessary  it  is  to 
adopt  some  one  system  and  to  adhere  to  it,  as  otherwise  there  will  very 
likely  be  much  confusion  in  the  shop,  and  perhaps  mistakes  made  by 
the  patternmaker. 

Conventional  Lines. 

The  various  styles  of  lines  used  in  working  drawings  are  shown  in 
Fig.  7.  The  ordinary  line  (1)  is  for  outlining  objects,  for  section 
lining,  and  for  all  ordinary  purposes.  The  shade  line  (2)  is  used  to 
represent  the  edges  supposed  to  separate  the  light  from  the  dark 
surfaces  of  an  object — that  is,  the  surfaces  on  which  the  light  strikes 
from  those  in  shadow,  as  shortly  to  be  explained.  The  dotted  line  (3) 
is  chiefly  for  representing  the  details  of  an  object  when  they  are  so 
covered  as  to  be  obscured  from  view.    Many  details  can  be  represented 
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WORKING  DRAWINGS  7 

in  this  way  and  their  arrangement  clearly  indicated,  although  they 
would  not  be  Yisible  in  the  actual  piece.  The  dash  line  (4)  is  used 
mainly  for  dimension  lines.  The  dasl^  and  dot  line  (5)  and  the  dash 
and  double  dot  line  (6)  are  both  used  for  center  lines,  some  draftsmen 
preferring  one  and  some  the  other.  When  a  drawing  of  a  piece,  like 
a  wheel  or  a  bolt,  for  example,  is  symmetrical,  a  center  line  is  some- 
times drawn  through  the  center  or  axis  of  synmietry  of  the  figure,  and 
if  there  are  two  views  of  the  same  piece,  the  line  is  frequently  extended 
through  both,  showing  that  they  are  connected.  The  dash  and  dot 
line  (5)  is  also  used  for  connecting  lines  between  different  views,  as 
in  Fig.  8,  and  for  construction  lines  in  laying  out  mechanical  move- 
ments or  geometrical  figures.  In  no  case  are  the  lines  (6)  and  (6) 
used  to  represent  the  actual  edges  or  surfaces  of  a  piece,  except  occa- 

I   
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Dash  anb  Doh 

Plff.  7.   Oonventional  Unea. 

sionally  when  they  are  made  to  indicate  the  plane  in  which  a  piece  is 
supposed  to  be  cut  or  broken,  in  order  that  a  sectional  view  may  be 
shown  in  that  plane.    Examples  of  this  will  be  shown  later. 

Shade  Lines. 

In  architectural  drawing  the  effect  is  improved  by  taking  account 
of  the  shadows  that  would  be  cast  by  the  sun  were  it  shining  upon 
the  object.  The  rays  of  the  sun  are  supposed  to  come  from  above  and 
from  the  left  at  such  angle  that  when  projected  on  the  paper  they 
would  be  represented  by  lines,  making  an  angle  of  45  degrees  with  the 
horizontal  and  vertical.  A  great  deal  of  time  is  sometimes  spent  in 
determining  which  surfaces  should  be  light,  which  in  shadow,  and 
what  the  shape  would  be  of  the  shadows  cast. 

In  mechanical  drawing  attention  is  sometimes  paid  to  this  point  to 
a  limited  extent.  Assuming  the  sheet  to-  be  held  directly  in  front  of 
the  observer,  and  the  light  to  come  from  over  his  shoulder  in  the  di- 
rection of  the  diagonal  of  a  cube,  heavy  lines  would  be  drawn  along 
the  edges  separating  the  light  from  the  dark  surfaces.  In  many  cases 
it  would  require  considerable  study  to  determine  what  lines  should  be 
shaded  when  adhering  strictly  to  this  method.  In  the  majority  of 
cases,  however,  it  is  the  lower  and  right-hand  lines  that  must  be 
shaded,  and  the  best  practice  is  to  follow  this  general  rule  without 
regard  to  the  exact  manner  in  which  the  light  strikes.  When  the  lines 
are  used  in  this  way  they  answer  the  purpose  of  improving  the  ap- 
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pearance  of  the  drawing,  and  they  also  Indicate  which  are  the  raised 
and  which  the  depressed  surfaces.  This  will  be  clear  from  Fig.  8,  In 
which  several  examples  of  shading  are  shown.  At  A  Is  a  square  block* 
hollow  In  the  center.  The  outer  shade  lines  show  that  the  block  Is 
raised  above  the  surface  of  the  paper,  and  the  location  of  the  Inner 
lines  shows  that  the  center  of  the  block  Is  depressed  below  the  outer 
surface  of  the  latter.  At  B  Is  shown  how  the  block  would  be  shaded 
if  at  an  angle  of  45  degrees.  Since  the  projection  of  a  ray  of  light  is 
supposed  to  be  at  45  degrees  there  Is  no  logical  reason  why  the  lines 


a        b 


^  — I 

— ']       i 


G      - 

HDUSTfKUPKSSHr. 


Flff  8.    Shade  Lines. 


cc  should  not  be  shaded  instead  of  those  shown;  but  the  figure  looks 
well  as  drawn.  At  C  is  the  shading  for  a  hexagonal  prism,  and  at  D 
for  a  hollow  cylinder.  The  shading  on  the  top  view  of  D  starts  at  the 
45-degree  line  a  6,  gradually  Increases,  and  then  diminishes  to  nothing 
when  it  again  reaches  the  line.  The  right-hand  element  of  the  cylinder 
in  the  lower  view  of  D  should  not  rightly  be  shaded,  because  it  really 
separates  two  dark  surfaces,  the  shadow  actually  starting  on  the  ele- 
ment c  (I.  In  practice,  however,  the  right-hand  element  is  the  one 
shaded.  At  E  are  two  blocks  a  and  6  of  the  same  size.  No  shade 
would  be  used, to  separate  them;  but  at  F,  where  blocks  at  a  and  h  are 
of   different   thicknesses,   the  shade   line  would  be  necessary.     At  Q 
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the  block  &  Is  recessed  for  the  cylinder  a.  It  may  be  shaded  as  shown, 
although  some  draftsmen  might  prefer  to  leave  off  the  shade  line  cd 
in  the  lower  view. 

Screw  Threads. 

Conventional  methods  of  representing  screw  threads  are  shown  in 
Fig.  9.  These  are  the  most  common  methods,  although  there  are  some 
others  less  frequently  met  with.  Methods  A  and  B  are  generally 
employed,  and  of  the  two  that  of  B  is  to  be  preferred,  as  it  is  more 
easily  done.    Some  draftsmen  place  the  heavy  lines  shown  at  B,  repre- 
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Flff.  9 .    OonTentional  Indications  of  dorew  Threads. 


senting  the  bottoms  of  the  threads,  on  the  right-hand  side  instead  of 
on  the  left-hand  side,  as  it  then  gives  the  effect  of  shading.  At  E*is 
a  conventional  square  thread.  If  any  long  piece  is  to  be  threaded  the 
entire  length,  the  threading  can  be  indicated  as  at  F,  which  saves 
drawing  the  complete  thread.  The  difference  between  the  representa- 
tion of  a  single  and  a  double  thread  is  indicated  at  G  and  H,  The 
single  thread  is  at  G,  and  the  inclination  of  the  lines  is  such  that  the 
line  xy,  at  right  angles  to  the  axis  of  the  piece,  passes  through  the 
top  of  the  thread  at  one  side  and  the  bottom  of  the  thread  on  the  other 
side  of  the  bolt.  At  H  the  inclination  is  such  that  the  line  x  y  passes 
through  the  tops  of  the  threads  on  both  sides  of  the  bolt.  At  K  is 
shown  a  right-hand  thread,  and  at  L  a  left-hand  thread. 
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Tapped  Holes. 

At  A  B  C  D,  Fig.  10,  are  methods  of  representing  tapped  holes  where 
they  are  obscured  from  view  and  must  be  shown  by  dotted  lines. 
Those  at  A  and  B  are  much  used,  but  where  the  drawing  is  crowded, 
those  at  C  and  D  are  to  be  preferred,  and  in  any  case  they  make  a 
neater  appearance.  Top  views  of  surfaces  having  tapped  holes  may  be 
indicated  either  as  at  E  or  jp*.  If  as  at  E,  a  circle  should  be  drawn  of 
a  diameter  equal  to  the  outside  diameter  of  the  bolt,  and  the  hole 
marked  as  indicated,  which  shows  that  the  hole  is  to  be  tapped  and 
also  indicates  the  size  of  the  bolt  to  be  used.  If  the  method  at  F  Is 
employed,  the  inner  circle  should  be  approximately  equal  in  diameter 
to  the  diameter  of  the  bolt  at  the  base  of  the  threads,  and  the  outer 
dotted  circle  should  be  equal  in  diameter  to  the  outside  diameter  of  the 
bolt.  At  G  is  the  top  view  of  a  tapped  hole  as  it  appears  in  a  sec- 
tional view.  At  ff  is  a  representation  of  a  threaded  piece  which 
extends  through  a  block  threaded  to  receive  it,  as  shown.    At  iT  is  a 
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Flff.  10.    Bepreaentallon  of  Tapped  Holes. 


vertical  section  through  a  tapped  hole.  This  is  for  a  right-hand 
tHread,  although  the  lines  incline  as  though  it  were  a  left-hand  thread. 
This  is  simply  because  only  that  part  of  the  thread  is  visible  which 
is  at  the  farthest  side  of  the  hole  where  the  threads  must,  of  course, 
incline  in  a  direction  opposite  to  the  direction  they  take  at  the  front 
side  of  the  hole.  This  can  be  clearly  seen  by  examining  a  bolt  or  nut. 
At  1/  is  shown  a  section  through  a  tapped  hole  Into  which  a  bolt  has 
been  screwed. 

Broken  Sections. 

In  Fig.  11  are  shown  methods  of  representing  bars  and  rods,  shaft- 
ing, structural  beams,  etc.,  when  it  is  not  convenient  to  show  their 
whole  length  on  the  drawing.     In  such  cases  these  pieces  would  be 
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drawn  as  long  as  the  limits  of  the  drawing  would  allow,  and  then 
wonld  be  broken  as  indicated,  to  show  that  the  full  length  of  the  piece 
is  not  represented.  In  placing  the  dimensions  on  the  drawing  the  full 
length  would,  of  course,  be  given. 

General  Principles  of  Working  Drawings. 
When  a  draftsman  has  to  make  a  drawing  of  a  machine  already  con- . 
structed  he  first  measures  and  sketches  each  part  separately,  putting 
all  necessary  dimensions  upon  the  sketches,  and  then  he  assembles 
these  parts,  so  to  speak,  in  the  form  of  a  general  drawing.  On  the 
other  hand.  If  he  has  to  design  a  machine  he  will  first  make  a  general 
drawing  with  the  parts  in  place  and  from  this  he  will  obtain  the 
dimensions  of  the  various  pieces  which  he  will  draw  separately,  or  at 
least  in  sufficient  detail  to  show  clearly  what  is  wanted.  In  either 
case,  he  must  have  either  a  general  or  assembled  drawing  of  the 
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Fiff.  11.    Broken  Sectiona. 


machine,  and  detail  drawings  of  the  machine  parts,  the  order  in  which 
they  are  made  depending  upon  whether  he  is  working  from  the  machine 
Itself,  or  in  originating  the  design. 

In  the  general  views  -outlines  are  drawn  of  such  details  as  are 
thought  essential  to  clearness;  but  as  certain  features  of  construction 
and  many  of  the  small  parts  of  the  mechanism  would  Inevitably  be 
invisible  to  one  looking  at  the  assembled  machine,  they  must  be  repre- 
sented by  dotted  lines  if  they  are  to  be  incorporated  in  the  general 
view.  A  multiplicity  of  these  lines  leads  to  confusion,  however,  par- 
ticularly if  it  is  attempted  to  dimension  them,  and  for  this  reason  the 
detail  sheets  are  necessary. 

We  thus  see  that  obscure  details,  not  visible  when  looking  at  the 
assembled  piece,  may  be  represented  either  by  the  use  of  dotted  lines 
or  by  making  separate  views  of  each  piece  apart  from  its  relation  to 
the  others. 

Sectional  Views. 

A  third  method  of  representing  details  is  by  means  of  sectional 
views.  Suppose,  for  example,  a  drawing  were  to  be  made  of  a  con- 
necting-rod end,  in  which  were  the  brasses,  the  adjusting  wedge  and 
screws,  etc.  A  general  view  of  the  rod  might  be  made,  with  part  or 
all  of  the  details  shown  by  dotted  lines;  and  then,  on  another  sheet. 
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or  on  another  part  of  the  same  sheet,  the  details  could  be  drawn 
separately  and  properly  dimensioned.  That  would  be  one  way  to 
make  the  drawings.  Another  way  would  be  to  make  a  general  view 
of  the  rod  as  before,  but  to  show  the  end  as  though  it  had  been  cut 
or  sliced  in  a  plane  parallel  with  the  paper,  and  the  upper  parts 
removed,  exposing  the  details.  The  parts  cut  through*  would  be  "cross- 
sectioned,"  bringing  them  into  bold  colitrast,  and  the  dimensions  could 
all  be  placed  on  this  one  drawing.  Such  a  method  is  possible  with  a 
simple  construction,  having  but  few  parts,  and  is  often  adopted  to 
advantage. 

Sectional  views  may  also  be  used  for  much  simpler  purposes  than 
above  outlined.    They  may  be  used  to  show  the  shape  of  the  arm  of  a 
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Methods  of  Showinflr  Beotiona. 

pulley  or  of  any  other  part  of  any  casting  that  can  be  conveniently 
represented  in  this  way.  The  cutting  plane  may  be  assumed  to  lie  at 
any  angle  necessary  to  bring  out  the  details  most  clearly;  or,  If 
desired,  a  sectional  view  may  represent  a  casting  as  though  It  were 
cut  through  a  part  of  the  distance  on  one  plane,  and  the  rest  of  the 
way  on  another  plane,  either  higher  or  lower,  as  convenient.  All  that 
is  necessary  to  have  the  view  clearly  understood  Is  to  draw  a  line 
through  one  of  the  views  of  the  piece,  indicating  just  where  the  sec- 
tional view  is  supposed  to  be  taken,  ancj  then  to  make  a  note  on  the 
drawing  to  that  effect. 

In  Fig.  12,  at  A,  is  a  plan  view  of  a  hand-wheel.  As  the  wheel  is 
symmetrical,  it  is  quite  unnecessary  to  draw  mere  than  half  the  wheel, 
although  the  whole  wheel  may  be  drawn  if  desired.  It  is  here  repre- 
sented as  though  cut  in  two  along  its  diameter  on  the  line  a  6.  This 
line  should  be  a  dash-and-dot  line,  as  shown,  and  not  a  solid  line.  It 
has  been   pointed  out  on   page  7  that  one   of  the  uses  of  a  dash- 
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and-dot  line  is  as  a  center  line  where  a  piece  is  symmetrical,  and  its 
use  here  would  Indicate  that  the  half  of  the  wheel  not  drawn  was 
like  the  part  that  was  drawn,  even  if  it  were  not  otherwise  apparent; 
for  under  no  other  condition  would  the  figure  be  symmetrical. 

At  B  and  C  in  Fig.  12  are  shown  sectional  and  edge  views  of  the 
hand  wheel  and  the  difTerent  ways  in  which  they  may  be  represented, 
according  to  the  fancy  of  the  draftsman.  In  B,  to  the  right  of  the 
center  line  cd,  is  an  edge  view  of  the  wheel  in  which  the  shapes  of 
the  rim  and  hub  are  shown  by  dotted  lines,  since  they  would  not  be 
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FliT'  14.    Oonvantlonal  Beotiozdnff  of  Oear  Wheels. 

visible  to  an  observer  who  held  the  wheel  so  that  he  looked  directly 
at  the  edge  or  rlnt  To  the  left  of  c  d  is  a  sectional  view  taken  along 
the  line  a  &  in  A. 

In  the  view  below  this,  at  C,  are  shown  two  methods  of  drawing  what 
are  termed  "dotted  sections."  The  sections  are  supposed  to  be  taken 
oa  the  line  a  &  as  before,  but  cross-sectioning  is  done  by  dotted  lines, 
indicating  that  the  shape  of  the  section  would  be  as  shown,  but  that 
the  parts  in  front  of  it  have  not  actually  been  cut  away.  This  is  a 
very  convenient  convention  to  adopt  at  times.  For  example,  in  show- 
ing a  milling-machine  knee  and  saddle  it  would  enable  one  to  repre- 
sent the  knee  and  saddle  as  they  actually  appeared,  and  also  to  show 
a  sectional  view  of  the  mechanism  under  the  saddle  and  inside  the 
knee.  If,  on  the  other  hand,  the  view  were  drawn  as  though  the  knee 
were  actually  cut  through,  one  would  not  form  an  idea  of  its  exterior 
appearance  unless  another  view  were  drawn.  It  will  be  noted  in  the 
figure  that  the  dotted  lines  extcad  clear  across  the  section,  as  drawn 
at  the  left  of  ef,  and  only  akng  the  edge  of  the  section  at  the  right 
of  ef. 

In  Fig.  13  is  a  pump  valve-seat  having  four  webs  connecting  the 
outer  rim  with  the  hub.     There  are  two  ways  of  showing  a  sectional 
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view  of  a  piece  in  which  webs  occur,  it  the  view  were  taken  along 
the  center  line  a  h  and  sectioned,  as  usual,  nothing  would  be  gained, 
since  it  would  give  no  idea  of  the  shape  of  the  webs.  Some,  therefore, 
prefer  to  take  the  section  to  one  side  of  the  web,,  as  on  the  line  c  d, 
and  as  shown  in  the  upper  sectional  view.  This  indicates  clearly 
what  the  shape  of  the  web  is.  Others,  however,  prefer  to  adopt  the 
expedient  illustrated  in  the  lower  sectional  view.  Here  the  section 
is  supposed  to  be  taken  along  the  line  a  &,  but  where  the  plane  cuts 
through  the  webs,  the  sectioning  or  hatching  is  done  with  the  lines 
further  apart  than  in  the  balance  of  the  section,  thus  making- enough 
distinction  to  show  what  part  of  the  plane  passes  through  the  webs 
and  what  part  does  not.  Both  methods  have  their  uses  under  suitable 
conditions. 

In  Fig.  14  are  two  views  of  a  gear  wheel.    The  one  at  the  left  side  is 
a  side  view,  and  as  all  the  teeth  are,  of  course,  alike,  it  is  unnecessary 


r\g.  10.    Bepreaentatlon  of  Bolts  In  Bectionfl. 

to  draw  more  than  a  few  of  them.  The  pitch  line  of  the  teeth  is  repre- 
sented by  a  dash-and-dot  line,  this  convention  always  being  followed. 
In  the  part  of  the  rim  where  the  teeth  are  not  drawn,  the  face  of  the 
gear  is  indicated  by  a  solid  line,  and  the  position  of  the  roots  of  the 
teeth  by  a  dotted  line.  Some,  however,  prefer  slightly  different  con- 
ventions. To  show  the  shape  to  which  the  arms  are  to  be  formed,  a 
sectional  view  of  one  of  the  arms  is  drawn  in  this  view.  The  end  of 
the  shaft  is  supposed  to  be  broken  off  and  is  sectioned. 

The  right-hand  view,  in  Fig.  14,  is  a  sectional  view  taken  along  the 
line  AB.  It  will  be  noted  that  the  shaft  and  key  are  not  sectioned. 
The  method  followed  in  such  cases  is  usually  to  section  the  castings 
or  enclosing  parts,  such,  for  example,  as  the  hubs,  rims,  etc.,  of  a 
wheel,  but  not  enclosed  parts  like  shafts,  rods,  bolts,  keys,  etc.  A 
bushing  being  both  an  enclosed  and  enclosing  part  might  or  might 
not  be  sectioned.  Individual  Judgment  dictating  the  method  here  as 
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elsewhere.  This  gear  has  five  arms,  and  the  line  A  B  cuts  through  one 
of  them  only.  They  are  not  sectioned  in  the  right-hand  view,  and  two 
opposite  arms  are  drawn  as  though  both  of  them  lay  in  the  plane  of 
the  paper.  While  this  is  not  correct,  it  is  the  method  usually  followed. 
The  method  of  representing  the  gear  teeth  in  sectional  views  is  gen- 
erally as  shown  in  this  cut. 

In  Pig.  15  are  sectional  and  top  views  of  a  cylinder  or  pipe  on  which 
a  blank  flange  is  bolted.  There  are  five  bolts,  and  the  plane  in  which 
the  sections  are  taken  would  cut  through  only  one  of  them.  Most 
draftsmen,  however,  would  draw  the  sectional  view  as  indicated  at 
the  left.    The  bolts  are  shown  as  though  both  were  in  the  plane  of 
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the  section,  and  these  bolts  are  not  sectioned,  but  are  drawn  in  full, 
as  explained  above.  It  is  not  necessary,  moreover,  to  show  more  than 
two  of  the  bolts,  since  it  would  detract  from  the  clearness,  and  the  top 
view  shows  plainly  how  many  bolts  there  are.  Some  draftsmen  think 
bolts  drawn  in  this  way  are  too  prominent,  and  prefer  to  represent 
them  in  sectional  views  as  shown  at  the  right  in  Fig.  15.  This 
method  also  has  the  sanction  of  fairly  common  usage. 

Fig.  16  is  another  example  of  a  figure  that  is  not  symmetrical  in 
all  respects.  It  shows  two  views  of  a  step  bearing  having  three  ears 
or  lugs  for  bolting  it  to  its  base  plate.  In  making  a  sectional  view 
of  such  a  piece  should  the  cutting  plane  be  supposed  to  pass  through 
the  lugs?    In  most  cases,  yes,  and  according  to  common  practice  the 
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sectional  view  would  be  made  symmetrical,  and  the  distance  A  In  the 
lower  view,  from  the  center  of  the  piece  to  the  outer  end  of  each  lug, 
would  he  made  equal  to  the  distance  A  in  the  upper  Yiew. 

In  any  machine  various  kinds  of  metal  and  other  material  are  used, 
and  when  sectional  views  are  made  it  is  convenient  to  have  some 
standard  method  of  cross-sectioning  the  difTerent  parts  to  Indicate 
what  the  metal  or  material  is.  Conventional  sectionings  adopted  for 
this  purpose  are  given  in  F^g.  18,  the  system  there  represented  follow- 
ing very  closely  that  used  by  the  U.  S.  Navy  Department.  It  should 
be  said,  however,  that  draftsmen  are  coming  more  and  more  to  section 
all  parts  alike,  adopting  the  style  used  for  cast  iron  for  all  kinds  of 
material,  and  then  to  print  on  the  pieces  themselves  what  the  material 
is  of  which  they  are  composed.    This  avoids  the  possibility  of  mistake 
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Flff.  18.    Bystem  of  lndlc»ttnff  Difllftrant  Materials  by  Croaa-aectlonliiff. 

through  failure  to  understand  what  the  conventional  methods  of  sec- 
tioning are  supposed  to  represent 

Dimensions. 

The  most  important  part  of  a  drawing  is  the  dimensions.  They 
should  be  given  so  fully  and  completely  that  a  workman  will  never 
have  occasion  to  measure'  a  drawing.  The  dimensions  should  include 
an  "over  all"  measurement  and  the  different  measurements  that  make 
up  the  "over  all"  size.  Dimension  lines  and  the  extension  lines  which 
the  arrow  heads  of  the  dimension  lines  touch  are  usually  fine  black 
lines  made  up  of  long  dashes.  They  should  be  so  drawn  as  to  appear 
secondary  in  importance  to  the  drawing  itself.  Some  draftsmen  draw 
all  these  lines  in  red  ink  and  use  a  solid  instead  of  a  broken  line.  In 
a  blue-print  the  red  lines  will  appear  lighter  than  the  black  ones, 
making  a  good  distinction. 

In  Fig.  19  is  a  sketch  of  a  bushing.  The  diameter  of  the  bore  is 
given  at  fl"  by  a  dimension  passing  through  the  center  of  the  circle. 
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It  is  somewhat  confusing,  however,  to  have  more  than  one  dimension 
line  passing  through  a  center  and  therefore  is  better  to  have  the  other 
diameters  given  elsewhere,  if  possible,  as  at  E,  F,  and  G,  The  length 
of  the  various  steps  of  the  bushing  are  given  at  A,  B,  and  (7,  and  it 
will  be  noticed  that  they  are  slightly  offset— that  is,  the  dimension 
lines  do  not  extend  In  one  straight  line.  This  makes  a  very  clear 
arrangement     The  over-all  dimension  Is  at  D.     Methods  of  placing 


-| 

i 

1 

1 
1 

1 

1 
1 

F 

1 
1 

6 

i 

1 

i 
Y 

: 

_" 

*-- A  ~» 

r " 

— » 

woenw  mess  N/ 


Flff .  19.    Sample  DrawiniTf  Showing  Looatloii  of  Dimension  Ziines. 

dimensions  on  holes  that  are  drilled  in  a  circle  or  a  row  are  shown 
in  Figs.  17  and  20.  That  in  Fig.  17  requires  no  explanation.  In  Fig. 
20  center  lines  are  drawn  in  each  direction  through  the  centers  of  the 
holes  and  the  dimensions  are  given  from  center  to  center  each  way, 
and  also  from  the  edges  by  which  the  holes  are  to  be  located. 
Fig.  21  refers  'mainly  to  the  dimensions  of  the  bolts.    At  ^  is  a 


MMSumu  fmiam  m.y. 
Fiff.  20.    Dlmenalona  of  Holes  Located  on  Straight  Llnea. 

hexagon  head  bolt,  so  drawn  that  three  sides  of  the  head  are  visible. 
Bolts  are  usually  drawn  in  this  way  because  they  look  well,  and  as 
most  bolts  used  in  machinery  are  standard  and  taken  from  stock,  no 
dimensions  are  necessary  other  than  to  specify  the  diameters  and 
lengths.  These  may  be  printed  on  the  drawing,  or  better  yet  on  a 
list  of  bolts  and  other  small  parts,  sometimes  called  an  order  list, 
which  should  accompany  the  drawings.    Every  bolt  and  machine  screw 
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should  be  specified  In  some  such  way.  At  B  is  a  hexagon  head  bolt,  so 
drawn  that  only  two  sides  are  visible.  If  it  is  a  special  bolt  it  should 
be  represented  like  this  so  that  the  dimension  across  fiats  can  be  given, 
to  which  the  head  is  to  be  milled.  At  C  and  D  are  two  ways  of  draw- 
ing a  square  head  bolt,  according  to  whether  the  dimensions  across 
flats  is  necessary  or  not.  In  cases  like  B  and  D  the  abbreviations  Hex. 
and  8q,  should  be  used  as  shown,  so  that  there  will  be  no  mistake 
about  the  style  of  head  desired. 

The  length  of  a  bolt  should  be  given  from -under  the  head,  as  at  E 
in  Fig.  21  The  total  length  should  be  given  and  also  the  length  from 
the  head  to  the  beginning  of  the  thread,  showing  how  high  up  the 
thread  is  to  be  cut.  At  F  In  Fig.  21  is  shown  how  to  give  a  dimension 
when  the  space  is  narrow,  and  at  G  and  H  how  radii  may  be  denoted. 
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Fiff.  fll.    DimenBlODB  of  Minor  Detaila. 

There  are  various  rules  about  the  dimension  figures  themselves,  to 
which  allusion  should  be  made.  First  of  all,  the  figures  should  be 
plain,  so  that  no  mistake  can  be  made  in  regard  to  feet  and  inches.  The 
usual  practice  is  to  represent  feet  by  the  prime  mark  (')  and  inches 
by  the  double  prime  mark  (").  Some  hold  that  this  is  not  distinction 
enough  and  Insist  on  the  use  of  ft.  for  feet  while  retaining  the  inch 
mark.  Some  also  object  to  the  slanting  line  between  the  numerator 
and  denominator  of  fractions,  holding  that  the  line  might  be  mistaken 
for  the  figure  one,  if  carelessly  made.  Some  prefer  the  horizontal 
line,  and  others  write  the  numerator  over  the  denominator  and  omit 
the  separating  line  entirely.  It  is  customary  to  arrange  all  the  dimen- 
sions to  read  either. from  the  bottom  or  the  right-hand  side  of  the 
drawing,  though  it  is  possible  to  have  everything  read  from  the  bot- 
tom by  making  the  figures  upright,  or  up  and  down  on  the  sheet, 
regardless  of  the  direction  of  the  dimension  lines.  In*the  shop,  inches 
are  used  more  than  feet  in  measuring,  and  dimensions  are  usually  *n 
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inches,  except  for  large  work.    In  some  shops  they  are  given  in  inches 
even  up  to  10  feet. 

IndicatinfiT  Finished  Surftkces. 
A  drawing  is  or  should  be  so  marked  as  to  tell  the  workman  what 
surfaces  are  to  be  finished  and  what  kind  of  finish  is  desired.  This  is 
often  done  by  writing  a  character,  resembling  the  letter  f,  across  the 
line  representing  the  edge  of  the  surface  to  be  finished,  as  in  Fig.  22. 
Another  way  is  to  write  the  words  "polish,"  "finish,"  "ream,"  etc.,  near 
the  edges  of  the  surfaces  to  receive  the  treatment  indicated.  Still 
another  method  that  is  much  in  use  is  to  draw  a  red  line  near  the 
edge  of  each  surface  to  be  finished.    When  a  blue-print  is  taken  from 
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Plff.  fl2.    MetliodB  of  Indicating  Finished  BnrfluseB. 

such  a  tracing,  the  red  lines  will  print  fainter  than  the  black  lines,  and 
a  draftsman  can  easily  trace  over  them  on  the  blue-prints  with  red  ink. 
Still  another  method  that  can  be  used  to  advantage  in  a  manufacturing 
plant  is  to  put  only  the  dimensions  of  finished  surfaces  on  the  draw- 
ing, leaving  ofC  entirely  all  dimensions  of  rough  surfaces  that  are  of 
service  to  the  patternmaker,  but  to  no  one  else.  The  workman  in  the 
shop  then  knows  that  wherever  he  sees  a  dimension  the  surfaces  are 
to  be  machined.  One  feature  that  should  be  looked  after  more  care- 
fully than  is  usually  done  is  to  indicate  how  closely  the  various  parts 
must  be  finished  to  size.  If  a  piece  must  be  made  within  a  half- 
thousandth  of  an  inch  the  workman  ought  to  know  it,  and  if  a 
thirty-second  of  an  inch  is  near  enough  he  surely  ought  to  know  it. 
The  practice  of  giving  dimensions  in  thousandths  of  an  inch  where 
needed  and  of  using  plus  and  minus  limits  where  sizes  are  to  be  kept 
within  limits,  putting  the  limits  on  the  drawing,  is  a  good  one  to 
follow. 
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DRAFTSMEN'S  TOOLS. 

The  selection  of  the  proper  tools  is  one  of  the  most  difficult  prob- 
lems which  meet  the  young  draftsman.  Few  draftsmen  agree  fully 
as  to  what  constitutes  a  complete  set  of  tools,  or  about  the  best  con- 
struction of  the  various  appliances.  It  is  also  evident  that  the  drafts- 
man must  be  guided  somewhat  by  the  class  of  work  he  is  doing.  Cer- 
tain tools  which  may  be  required  by  the  work  carried  out  by  one 
designer  may  not  be  of  any  use  to  another.  In  general,  however,  the 
requirements  are  fairly  similar,  and  In  the  following  is  given  a  speci- 
fication of  a  complete  set  of  tools  purchased  by  an  experienced  drafts- 
man, for  his  own  use.  Undoubtedly  his  judgment  and  experience  may 
give  some  valuable  suggestions  as  to  the  selection  of  the  tools  needed 
by  any  draftsman. 

In  the  set  referred  to  the  three  bow  instruments  are  3^  inches  long 
with  center  adjustment.  The  bow  pen  will  draw  perfect  circles  from 
less  than  1/32  inch  diameter  to  3%  inches  diameter.  There  is  one 
3^-inch  pencil  compass  with  fixed  pencil  and  needle  points,  and  a 
5%-inch  pen  compass  with  fixed  pen,  needle  points,  and  hair  spring 
adjustment.  The  pencil  compass  Is  small,  because  it  is  preferable  to 
use  trams  for  all  pencil  work  beyond  its  limits,  but  the  pen  can  be 
used  to  advantage  in  the  5%-inch  size.  The  hair  spring  adjustment 
on  it  is  a  great  convenience,  although  by  no  means  necessary.  The 
.fixed  points  would  not  pay  a  man  who  draws  only  occasionally,  but 
for  the  man  who  draws  all  the  time  they  are  well  worth  the  cost  of 
the  extra  instrument.  The  two  ruling  pens  are  5  inches  and  5%  inches 
long.  The  trams  consist  of  a  tubular  German  silver  bar  in  three  sec- 
tions, held  together  by  long  slip  joints  and  will  work  to  a  radius  of  60 
inches.  Both  heads  slide  on  the  bar,  being  clamped  in'  the  desired  posi- 
tion with  thumbscrews,  and  the  points  are  adjustable  in  either  head. 
The  delicate  adjustment  is  of  the  swinging  lever  type,  whfch  is  the  only 
satisfactory  one  for  trams.  There  are  two  divider  points,  pen,  pencil 
and  needle  points  and  a  knife  for  cutting  out  circles.  The  whole 
instrument  is  very  stiff,  light  and  of  remarkably  neat  appearance,  with 
a  bar  long  enough  for  all  ordinary  work,  but  when  a  longer  is 
required,  it  is  easily  spliced  with  one  of  wood. 

No  two  men  agree  about  triangles,  but  most  of  them  prefer  the 
transparent  ones,  although  they  are  invariably  too  thin  for  the  best 
results.  A  good  selection  consists  of  a  16-inch,  30  and  60  degrees,  a 
10-inch,  30  and  60  degrees,  and  a  5-inch,  45  and  45  degrees,  for  all 
ordinary  work.  A  set  of  scales,  as  shown  in  Fig.  23,  is  far  superior 
to  the  ordinary  triangular  scale.  This  set  comprises  7  scales,  %,  %,  1, 
1%>  3,  6,  12  inches  =  1  foot    The  full  size  scale  is  not  shown  in  the 
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cut.  These  Bcalee  are  of  the  reverse  bevel  type,  and  both  sides  of 
each  scale  are  graduated  the  same,  but  read  from  opposite  ends.  With 
this  arrangement  it  is  never  necessary  to  more  than  turn  the  scale 
over  to  have  it  reading  in  the  desired  direction.  The  divided  foot  on 
the  1%.  and  3-inch  scales  is  marked  2-4-6,  etc.,  instead  of  the  usual 
3-6-9,  which  makes  it  easier  to  find  the  desired  point.  The  6-inch  scale 
is  fully  divided  in  16ths  and  the  12-inch  in  32ds.    Scales  of  this  kind. 
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JFig.  as.    Set  of  Draftsman's  Scales. 

however,  are  made  only  to  order  by  the  firms  manufacturing  drafts- 
man's scales. 

A  slide  rule,  a  protractor,  and  a  couple  of  curves  complete  the  set 
of  tools. 

Special  Draftsman's  Tools. 

While  the  set  of  tools  described  above  is  an  excellent  collection  for 
general  requirements,  many  draftsmen  need  special  tools  for  special 
purposes.  In  the  remaining  portion  of  this  chapter,  a  number  of 
different  tools  and  also  a  number  of  general  drafting-room  conveni- 
ences and  devices  are  described,  which  will  be  found  useful  for  the 
purposes  for  which  they  are  intended.  The  descriptions  of  these  tools 
have  been  contributed  from  time  to  time  to  the  columns  of  Machinebt, 
and  the  names  of  the  contributors,  together  with  the  month  and  year 
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when  the  description  was  first  published,  will  be  found  in  notes  at 
the  foot  of  the  pages. 

Border  Line  Pen. 

The  line  cut,  Fig.  24,  and  the  halftone.  Fig.  25,  illustrate  a  very 
efficient  arrangement  for  a  border  line  pen.  It  Is  made  by  taking  a 
ruling   pen,   preferably    one    unfitted   for   further   use,   and   fitting   a 
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Flff.  24.    Border  Line  Pen. 

piece  of  steel  or  spring  brass  wire  in  the  middle  of  the  pen  and 
soldering  it  to  the  fixed  half  of  the  pen;  then  both  pen  and  wire  are 
ground  off  until  the  point  of  the  former  equals  the  standard  width  of 
line  required,  say  one-sixteenth  inch.  Then  the  points  are  smoothed  on 
an  oilstone,  by  holding  the  pen  perpendicular.    By  having  a  pen  of  this 


Fig-.  26.    Manner  In  which  Border  Line  Pen  le  held. 

kind  in  every  drawing-room  a  uniform  width  of  border  line  is  fixed. 
Fig.  25  shows  the  manner  of  holding  the  pen  while  using;  the  pen 
is  held  perpendicular  and  with  the  wire  against  the  T-square,  which 
not  only  allows  the  draftsman  to  see  what  he  is  doing,  but  also  pre- 
vents the  ink  from  running  under  the  edge  of  the  T-square.     The 
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border  around  Fig.  24  was  made  by  a  border  line  pen  of  the  descrip- 
tion shown  in  the  same  figure.* 

Attachment  for  Draftsman's  Scale. 
Fig.  26  shows  a  very  simple  means  of  converting  the  ordinary  drafts- 
man's scale,  graduated  to  1/16  and  1/32  inch,  as  manufactured  by 
Brown  ft  Sharpe  Mfg.  Co.,  into  a  scale  that  can  be  used  for  scaling 
or  making  drawings  half  size.  The  attachment  consists  of  a  narrow 
brass  or  steel  strip  with  four  or  more  pins  Inserted  and  riveted  to  it. 
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Pig-.  26.    Improylaed  Half  Slae  Scale. 

These  pins  fit  into  holes  which  are  drilled  in  the  scale.  A  still  better 
construction  could  be  obtained  by  forming  heads  on  the  rivets,  and 
having  button-hole  slots  in  the  scale.  If  it  is  desired  to  adopt  the 
scale  for  half-size  work,  number  each  %  inch  consecutively  as  full 
Inches.  For  quarter  size,  each  %  inch  should  be  consecutively  num- 
bered with  whole  numbers.  Applied,  as  shown,  on  the  1/32-inch  side, 
each  graduation  reads  as  1/16  inch. 

Scale  for  Beam  Compass  Bar. 
Beam  compasses  can  be  improved  by  placing  a  scale  on  the  beam 
as  shown  in  Fig.  27.     A  linen  tape  measure  will  answer  the  purpose. 


Fiff.  27.    Scale  for  Beam  Compass  Bar. 

A  coat  of  shellac  keeps  it  clean  and  the  divisions  distinct.  The  object 
of  the  graduations  is  simply  to  get  the  pencil  point  approximately  set, 
the  finer  adjustment  then  being  made. 

Weighted  T- Square  Head. 

The  cut,  Fig.  28,  shows  a  T-square  having  a  IVj-inch  hole  drilled  in 
the  upper  part  of  the  head,  and  a  piece  of  steel  inserted.    The  upper 

♦  Albert  C.  Sharp,  July,  1900. 
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part  of  the  head  being  the  heaviest,  it  always  tends  to  keep  the  upper 
edge  of  the  blade  down  close  to  the  board.* 

Guide  Strip  for  Drawlner  Board. 

A  great  many  draftsmen  are  quite  frequently  troubled  by  lines 
drawn  with  a  T-square  not  being  parallel  with  each  other  at  different 
points  of  the  drawing-board.    This  is  invariably  due  to  the  fact  that 

Li-ad  or  Steel 


5 


JVacAUwv  H.  y. 


Flff.28.    T-Sqaare  Head  Weiffhtad  to  Hold  Down  Upper  Bdffe. 

the  edge  of  the  drawing  board  is  seldom  true.  This  trouble  may  be 
easily  overcome  by  the  application  of  the  T-square  guide  shown  in 
Fig.  29.  The  left-hand  side  of  the  drawing-board  is  cut  out  5/16  inch 
deep  by  1%  inch  wide,  the  full  width  of  the  board,  and  a  bar  of  steel 
%  inch  by  1%  inch,  length  to  suit,  is  inserted;  the  latter  is  secured 


Pig-.  fl9.    Ottlde  Strip  tor  Drawing  Board. 

by  four  screws,  the  holes  for  the  screws  being  oblong  to  allow  for  any 
expansion  or  contraction  of  the  drawing-board.  This  guide,  projecting 
%  inch  from  the  edge  of  the  board,  gives  a  smooth  surface  for  the 
T-square  head,  and  projecting  1/16  inch  above  the  board,  as  shown, 
•  Gordon  P.  Monahan,  August,  1906. 
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tends  to  keep  the  T-square  blade  just  enough  above  the  paper  to  keep 
the  drawing-paper,  which  is  very  often  soiled  by  the  shifting  of  the 
T-square,  reasonably  clean.  Parallel  lines  at*  all  points  on  the  board 
are  insured  by  the  application  of  this  guide.* 

Arrangement  for  Holding  T- Square  in  Place. 

Fig.  30  shows  a  very  simple,  cheap  and  effective  arrangement  for 
holding  the  T-square  against  the  edge  of  the  drawing-board.  The 
materials  needed  are  a  small  wooden  grooved  wheel,  a  sufficient  length 
of  heavy  cord  about  3/32  inch  in  diameter,  a  coiled  spring  to  give 


^g-.  so.    Arrangement  toriHoldlng  T-Square  In  Place. 

sufficient  tension  to  the  cord,  and  a  few  screws,  all  arranged  as  shown 
in  the  cut.  A  strong  rubber  band  can  be  used  in  place  of  the  spring, 
but,  of  course,  is  short-lived.  The  wheel  is  fastened  in  the  center  of 
the  under  side  of  the  T-square  head.  On  small  boards  it  may  be 
advisable  to  fasten  a  small  triangular  block  at  the  lower  left-hand 
comer  of  the  board  so  as  to  allow  the  T-square  to  be  used  when  the 
drawing  is  near  the  edge  of  the  board. 

To  one  accustomed  to  the  old  method  of  moving  the  T-square  by 
grasping  the  head  and  continually  lining  it  up,  the  advantage  of  this 
simple  device  will  be  a  surprise,  as  the  T-square  can  be  moved  easily 


•  J.  C.  Haasett,  May,  1907. 
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by  applying  the  hand  at  A,  about  eight  Inches  from  the  head,  and 
when  moved  out  of  line  it  automatically  returns  to  its  proper  place. 

An  important  advantage  is,  that  in  keeping  the  head  snug  against 
the  edge  of  the  board,  the  wear  on  the  ends  of  the  head  where  it 
slides  on  the  board  is  avoided.  This  wear  is  caused  on  the  ordinary 
T-square  by  the  uneven  pressure  when  sliding  it  up  and  down.  The 
edge  gradually  becomes  slightly  curved,  resulting  in  non-parallel  lines 
on  the  drawing.  Most  draftsmen  are  not  aware  of  this  defect  The 
T-square  is  quickly  detached  by  simply  lifting  it  off  the  board,  the 
cord  slipping  easily  from  the  wheel.  To  find  the  proper  tension  for 
the  cord,  the  T-square  should  be  put  in  the  center  of  the  board,  the 
cord  fastened  to  the  lower  edge  of  board  and  brought  around  the  wheel 
to  a  loop  in  the  end  of  the  spring  which  is  fastened  at  the  upper  edge 


"Fig.  31.    Draftsman's  Triangle. 
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of  the  board.  Now  swing  the  T-square  around  so  that  it  lies  on  an 
angle  of  about  30  degrees  to  the  center,  keeping  one  end  of  the  head 
against  the  edge  and  near  the  center  of  the  board.  Increase  the  ten- 
sion on  the  cord  until  it  is  sufficient  to  cause  the  blade  to  swing  quickly 
into  place.  In  other  words,  it  should  be  so  tensioned  that  no  matter  in 
what  position  the  T-square  is  left,  it  will  immediately  return  to  its 
proper  position.  This  scheme  can  be  applied  to  any  common  T-square 
up  to  42  inches  long,  and,  in  fact,  even  to  longer  T-squares,  provided  a 
tension  spring  of  proper  dimensions  is  selected.  Of  course,  it  is  pre- 
ferable to  use  as  light  a  T-square  as  possible.  Note  that  the  cord  is 
not  wound  around  the  wheel,  but  simply  bears  on  it  exactly  as  a  trolley 
wire  on  the  trolley  wheel. 
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Draftsman's  Tricuifirles. 

The  triangle  Is  such  an  Important  tool  for  the  draftsman  that  it 
should  be  made  as  convenient  as  possible.  The  triangle  shown  in  Fig. 
31  is  the  result  of  a  great  deal  of  thought  and  experimenting.  The 
angles  are  90,  75,  67^,  60,  45,  30,  22  ^«,  and  15  degrees,  and  each  angle 
can  be  drawn  from  a  light  edge.  The  angles  of  the  opening  near  the 
center  are  the  same  as  the  angles  of  the  head  of  a  countersunk  screw. ' 
A  45-degree  line  scratched  on  the  under  side  is  very  convenient,  but 
great  care  must  be  used  to  have  it  accurate.  This  triangle  has  been 
made  by  a  number  of  draftsmen,  and  all  prefer  it  to  the  old  60  and 
45  degree  combination.  It  is  particularly  useful  to  the  designing  drafts- 
man. It  has,  however,  a  disadvantage  for  inking,  as  a  line  drawn  by. 
a  slot  openinjg  is  liable  to  be  blotted  when  the  triangle  is  slipped 
along.  , 

To  make  such  a  triangle,  get  a  piece  of  celluloid  0.070  inch  thick. 
Make  a  drawing  of  the  triangle  full  size,  and  fasten  the  celluloid  blank 
over  it,  so  that  the  lines  can  be  scratched  as  an  aid  to  cutting.  First, 
with  a  penknife  start  the  openings,  and,  when  large  enough,  use  a 


Flff.  8fl.    A  Handy  Triangle. 

hack  saw.  Finish  the  edges  with  a  file.  After  the  slots  have  been 
worked  out  nearly  to  the  finishing  line  it  is  a  good  plan  to  put  the 
triangle  away  in  a  warm  place  for  a  couple  of  weeks,  as  it  will  shrink 
80  as  to  impair  the  accuracy  of  the  angles.  The  dotted  lines  in  the 
view  to  the  right  show  how  the  celluloid  will  shrink.  After  the  cellu- 
loid has  finally  set,  very  little  care  is  required  to  keep  the  angles 
accurate. 

It  is  not  necessary  to  tell  a  draftsman  how  to  true  up  the  outside 
edges.  To  true  up  the  slot  angles,  the  first  thing  to  do  is  to  draw 
a  base  line  with  the  T-square.  From  this  line  lay  off  carefully  all 
the  angles  that  are  on  the  triangle.  With  a  file  work  out  the  slot 
edges  of  the  triangle  so  that,  when  laid  against  the  T-square,  the 
edges  will  match  the  drawn  lines  perfectly.  Any  waviness  or  inac- 
curacy is  clearly  shown  by  this  method. 

The  knob  should  be  riveted  in,  but  do  not  hanmier  hard  enough  to 
buckle  the  celluloid.  The  hollow  side  of  the  celluloid  should  be  down, 
as  the  triangle  will  then  lay  flat* 

•  W.  L.  Breath,  November,  1907. 
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Fig.  32  shows  another  handy  triangle  of  less  elaborate  design.  It  is 
a  30  by  60  degree  triangle,  having  internal  angles  of  the  same  degrees, 
but  opposite  to  the  external  ones.  With  a  triangle  of  this  form  hexa- 
gons, screw  heads,  the  bottom  of  drilled  holes,  etc.,  can  be  easily  and 


Flff.  88.    Triaziffle  fbr  I-Beam  Seoilons. 

quickly  drawn,  as  it  is  not  necessary  to  reverse  or  turn  over  the 
triangle,  but  merely  to  slide  it  along.    Every  draftsman  doing  detail 
work  will  find  this  tool  a  valuable  addition  to  his  kit 
TrlanfiTle  for  Drawlner  I-Beam  Sections. 
Fig.  33  shows  an  alteration  to  an  ordinary  triangle  which  makes 
the  drawing  of  the  sections  of  I-beams  and  channels  much  easier  than 


L._-l 


ORDINARY  TRIANGLE 
Fig,34 


METHOO  OF  DRAWINQ 
LEFT  HAND  THREADS   . 


trianole  v/ith  device  for 
drawing  screw  threads 

F»b:35 


METHOD  OF  DRAWING 
RIGHT  HAND  THREADS  , 


Fic.36 


Fig:37 


STRAIGHT  EDGE 


Flffs.  84  to  87.    Triangle  for  Drawlnff  ThrwAds. 

the  usual  way.    The  slant  is  that  of  the  flanges  of  the  standard  rolled 
sections,  i.  e.,  16  2/3  per  cent  or  2  inches  per  foot.    This  triangle  is  of 
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service  to  those  draftsmen  who  have  some  structural  work  to  do,  but 
not  enough  to  warrant  the  purchase  of  a  special  triangle.* 

Triangle  fop  Drawing  Threads. 
Most  draftsmen  have  more  or  less  trouble  in  drawing  the  common 
representation  of  small  screw  threads.  The  cuts.  Figs.  35,  36,  and  37 
show  a  simple  device  which  makes  this  operation  much  easier,  quicker, 
and  not  so  tiresome.  The  threads  also  can  be  made  more  uniform. 
Any  draftsman  can  make  this  tool  himself.  Take  an  ordinary  celluloid 
triangle,  as  shown  in  Fig.  34;  a  45-degree  triangle  is  preferable  as  the 
opening,  ABC,  in  the  center  is  larger,  but  a  60-degree  triangle  can  be 
used.  First  draw  lines  on  the  triangle  as  represented  by  the  lines 
AB'  and  B'C  in  Fig.  35.     These  lines  can  be  scribed  on  with  any 


Q 
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Fl».  88.    Draftlnff  Tool  for  Ratchet  Teeth. 

sharp  instrument,  and  should  be  at  an  angle  of  about  4  degrees  with 
the  horizontal.  Now  take  a  sharp  knife  and  cut  away  the  celluloid 
very  carefully  until  having  almost  cut  down  to  the  lines.  Then  take 
a  fine  file  and  finish  ofE  to  the  lines,  making  the  edges  smooth  and 
straight.  Either  horizontal  or  vertical  threads  may  be  drawn  with- 
out changing  the  position  of  the  triangle,  and  right  or  left-hand  threads 
are  drawn  by  simply  turning  it  over.f 

Tool  for  Laying  Out  Ratchet  Teeth,  Tangents,  etc. 

Fig.  38  shows  a  little  instrument  which  is  a  great  timesaver.  It  is 
used  in  putting  In  both  radial  lines  and  tangents  about  a  given  center, 
as  in  drawing  the  teeth  of  a  ratchet  wheel,  etc.  The  slotted  bar,  B, 
has  a  pin,  P,  held  in  one  end  of  it  by  the  screw,  fif;  this  pin  is  stuck 
into  the  paper  at  the  given  center.  The  triangle,  T,  is  shifted  lengthwise 
on  the  bar  and  turned  about  the  screw  C  until  one  of  its  sides  takes 
the  direction  of  the  radial  or  tangent  which  it  is  desired  to  repeat 


•  Roger  French,  October,  1906. 
t  J.  W.  Coleman,  August,  1906. 
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about  the  center.  The  triangle  is  then  clamped  firmly  in  position  on 
the  bar  by  means  of  the  knurled  nut,  N,  and  then,  by  swinging  the 
entire  instrument  about  the  fixed  pin,  the  edge  of  the  triangle  is 
brought  to  the  successive  positions  at  which  it  is  desired  to  put  in  the 


Uaekin€r9,lf.r. 


Vig.  30.    Section  Liner. 


required  lines.  The  slotted  bar,  B,  may  be  made  longer  than  It  is 
here  shown,  but,  for  nearly  all  ordinary  drafting-room  work,  the  length 
shown  is  sufficient* 

Section  Linere. 
The  device  shown  in  Fig.  39  has  given  excellent  results  as  a  section 
liner.    It  is  used  on  drawing  paper  entirely  independent  of  a  T-square. 
As  seen  from  the  cut,  the  device  consists  of  a  ratchet  wheel  A,  a  pawl 


Mcclnn*r^Jf.r. 


Flff.  40.    Simple  Section  Uner. 

spring  B,  two  knurled  rollers  C,  and  the  pen  guide  or  ruler  D.  The 
teeth  of  the  ratchet  are  milled  as  shown  in  the  detailed  view.  The 
ratchet  and  knurled  rollers  are  fastened  to  the  shaft  E,  and  as  the 
device  is  pulled  back  across  the  drawing  paper  for  each  line  drawn, 
the  ratchet  pawl  descends  into  each  of  the  little  grooves  in  the  wheel, 
thus  spacing  the  lines  evenly.  For  different  spacing,  differently  pitched 
•  Claude  T.  Johnson,  July,  1906. 
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ratchet  wheels  are  used.  By  using  thin  rubber  bands  over  the  knurled 
rollers,  the  device  will  work  well  on  tracing  cloth.* 

A  much  simpler  section  liner  consists  of  an  old  instrument  screw 
turned  into  a  slightly  smaller  hole  in  a  piece  of  wood  a  little  thicker 
than  the  diameter  of  the  screwhead,  and  of  such  size  that  the  two 
can  be  used  in  the  central  hole  in  a  triangle  as  shown  in  Fig.  40.  The 
screw  provides  for  a  very  fine  adjustment  of  the  spacing,  f 

Fig.  41  shows  the  principle  of  a  section  liner  which,  although  simple. 


MneldiurftJr.r, 

Plff.  41.    A  Simple  bat  ElBoient  Section  Uner. 

answers  the  purpose  fully  as  well  as  some  of  the  more  complicated 
and  expensive  arrangements.  It  consists  of  a  piece  of  brass,  or  any 
metal,  12  inches  long,  with  threads  cut  on  one  side  as  shown,  about  40 
threads  to  the  inch,  and  a  wooden  triangle  and  a  pin  driven  in  as  indi- 
cated and  filed  to  fit  the  thread  into  which  it  is  to  engage.^  • 

•Charles  A.  Kelley.  November,  1907. 
t  E.  W.  Beardsley,  September.  1905. 
•t  John  H.  Cralgle,  January,  1907. 
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DRAFTING-ROOM  KINKS. 

Pen  SharpeninfiT  Arrancrement. 

Fig.  42  shows  a  little  arrangement  that  should  prove  very  convenient 
in  every  drawing-room.  This  is  a  device  used  to  facilitate  the  sharp- 
ening of  drawing  pens.  A  small  wooden  block,  to  which  is  attached 
a  back,  is  all  that  is  required.  The  stone  is  held  in  place  by  the  left 
hand,  and  the  pen,  held  by  the  thumb  and  forefinger  of  the  right 


Fly.  4fl.    Pen  Bbarpentng  Arrangement. 

hand,  is  moved  backward  and  forward  and  at  the  same  time  given  a 
rocking  motion  so  as  to  grind  all  of  the  point  In  this  way  first  one 
and  then  the  other  nib  of  the  pen  are  given  an  ideal  finish. 

Tightening  a  Worn  Thumb- Nut. 

When  the  adjusting  nuts  on  bow  instruments  become  worn  out,  they 
can  be  squeezed  onto  the  screw  in  a  vise  as  shown  in  Fig.  43,  and 


MmtkintrtJt.r. 
Flff.  48.    Tlffhtenlnff. a  Thumb-Nut. 


their  useful  life  continued 
will  become  too  tight.* 


This  must  be  done  very  carefully  or  they 
♦  E.  W.  Beardsley,  September,  1905. 
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A  very  convenient  scale  for  one-half  and  one-quarter  size  work  may 
be  made  by  fastening  strips  of  paper  by  shellac  varnish  just  back  of 
the  graduations  on  a  flat  boxwood  scale  graduated  full  length  with 
sixteenths  on  one  edge  and  thirty-seconds  on  the  other.  On  these 
strips  the  divisions  are  marked  and  lettered,  making  the  scale  divi- 
sions equal  eighths  on  the  proportional  scale,  as  shown  In  Fig.  44. 


iil|iii[iii|rii 
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Flc.  44.    ImproTteed  Fnustlonal  Fl«.  46.    UsU&ff  a  MAoUnist's  8oal«  and  Gftrips 

ao«l«8.  ofPap«r  for  ObtfttnlnffFraotloiua  Scales. 

Similarly  a  machinist's  scale  may  be  used  by  wrapping  a  strip  of 
heavy  paper  lengthwise  around  the  scale  and  fastening  the  two,  with 
a  screw  at  each  end,  on  a  beveled  strip  of  wood,  as  shown  In  Fig.  45. 
With  machinist's  scales  graduated  to  twentieths,  twenty-fourths,  twen- 
ty-eighths, etc.,  various  odd  proportions  may  be  obtained.* 

Spacin^r  Titles  on  Detail  Work. 
A  drafting-room  kink  which  is  very  useful  as  a  time  saver  in  spac- 
ing titles  on  detail  work  consists  of  a  few  needles  and  a  small  piece 
of  wood  turned  as  is  shown  in  Fig.  46.    Through  one  end  a  narrow 


^17- 


Flff.  46.    Tool  for  Spacing  for  Ij«tterlxiff  on  Drawtnga. 

saw  cut  is  made  about  one  Inch  deep.  -In  this  cut  are  inserted  and 
Kpaced  as  many  needles  as  are  desired.  The  needles  are  bound  in 
place  by  two  round-head  wood  screws.  The  cut  shows  such  a  spacer 
set  to  mark  for  two  lines  of  letters.! 


•  E.  W.  Beardsley.  September,  1905. 
t  Raymond  C.  Williams,  March,  1907. 
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Ink  Bottle  Holdere. 


Ink  bottle  holders  of  various  designs  are  constantly  appearing  in 
the  technical  press.  In  the  following  a  number  of  the  typical  designs 
and  suggestions  are  given,  with  a  view  of  showing  so  many  of  the 
different  designs  as  to  satisfy  all  different  requirements. 

Fig.  47  shows  a  bracket  holder,  which  is  attached  to  the  under  side, 
of  the  table  by  a  single  screw  so  that  it  may  be  swung  around  out 
of  the  way.    This  arrangement  insures  that  the  ink  bottle  is  always  in 


Fig.  4*7.     Braok«t-sh*ped  Ink  Bottle  Holder. 

the  right  place;  it  also  eliminates  the  liability  of  blotting  the  work 
when  filling  the  pen.  The  danger  of  spilling  the  ink  is  also  reduced 
to  th3  minimum.* 

A  good  and  substantial  ink  bottle  holder  is  shown  in  Fig.  48.  To 
make  an  ink  bottle  holder  of  this  description,  take  a  block  of  wood 
about  3%  X  7  inches  and  1%  inch  thick;  have  two  holes  bored  in  it  part 
way,  one  at  each  end,  to  fit  the  ink  bottles;  also  make  a  %-inch  hole 
for  the  quill;  this  will  be  found  very  convenient  when  lettering.  Make 
a  cup-shaped  hole  at  a  convenient  place  to  put  tacks  into,  and  on 

•~John  Edgar,  November,  1906. 
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one  side  make  a  groove  about  %  inch  wide  to  lay  the  lettering  pens 
into;  this  completes  our  inkstand.    It  can  be  made  at  very  small  cost 
and  presents  a  neat  appearance.* 
The  greatest  efficiency,  however,  often  lies  in  the  greatest  simplicity. 


Flff.  48.    Ink  Bottle  Holder. 

The  illustration,  Fig.  50,  shows  one  of  the  most  eftective  means  of 
preventing  what  has  always  been  a  source  of  great  annoyance  to  the 
draftsman,  vie,,  the  overturning  of  the  ink  bottle.    In  the  center  of  a 


^  ~ 


Machinery, N.T. 
Fltf.  40.    layout  on  Pleoe  of  Paper  for  Making  Ink  Bottle  Holder  In  Tig.  50. 

four-inch  square  of  ordinary  drawing  paper,  scribe  a  circle  equal  to 
the  diameter  of  the  ink  bottle.  Divide  the  circle  into  about  twenty- 
four  parts  as  shown  in  Fig.  49,  then,  with  a  sharp  knife,  cut  the  paper 
from  each  of  these  twenty-four  points  to  the  center,  following  a  radial 
line.  Press  the  paper  down  over  the  neck  of  the  bottle.  Around  the 
» Peter  Plantlnga.  February,  1907. 
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paper  points,  which  stick  up  around  the  bottle  like  a  picket  fence,  put 
six  or  eight  ordinary  elastic  bands.  Thumb  tacks  in  opposite  corners 
will  securely  hold  the  entire  outfit  to  any  part  of  the  board  desired.* 

To  Prevent  Ijead  Pencil  from  Breakingr. 
A  small  shell  partly  filled  with  a  piece  ot  lead,  steel,  or  shot,  as 
shown  in  Fig.  51,  and  forced  on  the  end  of  a  drawing  pencil,  may 
appear  to  be  a  queer  contrivance;  but  this  end  being  the  heaviest  will 


ng.  50.    Securing  the  Ink  Battle. 

naturally    fall   to    the   floor   first,    and   will,  prevent   the   lead    from 

breaking.! 

To  Remove  Ink  Lines  fk'om  Tracinfirs. 

Place  the  part  of  the  tracing,  containing  the  line  to  be  erased,  upon 
some  hard  substance,  such  as  a  celluloid  triangle,  and  run  over  it 
lightly  with  a  razor-edged  knife;   this  leaves  the  cloth  in  sort  of  a 


IE 


JVarMMCry,  Jt.  T. 

Fig.  51.    EZlnk  for  Preventing  Lead  PencU  fk>om  Breaking. 

rough  condition,  which  will  be  readily  taken  hold  of  by  a  medium  hard 
eraser.  The  tracing  may  then  be  smoothed  down  by  using  the  rounded 
edge  of  a  knife  handle  or  its  equivalent,  and  will  then  take  the  ink 
without  causing  the  latter  to  run.t 

Smoothing  Wrinkled  Blue-Prints. 

Fig.  52  shows  a  method  of  "ironing"  soiled  or  wrinkled  blue-prints 
after  they  are  dry.  The  wrinkled  print  is  laid  in  a  cabinet  drawer 
with  just  enough  of  it  outside  to  conveniently  hold  in  the  hands,  and 

•~cr  H^  Ramsev,  December,  19077" 

t  Gordon   F.  Monahan.  September,  1907. 

X  Calvin  B.  Ross,  April,  1^06. 
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the  drawer  is  tightly  closed.  After  being  pulled  out,  the  print  Is 
perfectly  smooth.  The  angle  of  pull  should  be  adjusted  to  the  strength 
of  the  paper.     Fulling  through  once  will,  of  course,  cause  the  print 


Flff.  63.    Smoothing  Wrinkled  Blua-Printa. 

to  roll  up,  when  released;   if  this  is  not  desirable,  and  the  print  is 
wanted  to  lie  flat,  reverse  the  print,  and  pull  through  once  more.* 

To  Glean  a  Tracinar. 

Tracings  soon  show  the  results  of  frequent  use  by.  becoming  soiled, 
which,  while  causing  them  to  look  bad,  at  the  same  time  makes  it 
impossible  to  take  good,  nice,  clear  blue-prints  from  them.    Oftentimes 


Flff.  68.    Joininir  Ourres  Neatly. 


•tfMA«M»y^.r. 


changes  and  corrections  are  "penciled  in"  on  a  tracing  before  inking 
fn.    This  leaves  a  confusion  of  penciled  lines  and  figures.    All  this  can 
be  easily  removed  by  lightly  rubbing  the  soiled  portions  with  a  cloth 
•  Howard  D.  Yoder,  October,  1907. 
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which  has  first  been  saturated  with  benzine  or  gasoline.  This,  while 
cleaning  the  tracing  thoroughly,  will  not  affect  the  ink  (proyided  water- 
proof ink  is  used),  and  makes  the  tracing  look  almost  like  new.* 

Joinlnsr  Curves  Neatly. 
There  is  only  one  condition  under  which  the  end  of  a  cunre  can  be 
joined  neatly  to  another  cunre,  or  to  a  straight  line,  so  that  the  two 
lines  shall  .flow  neatly  together— and  that  is  where  both  the  lines  are 
tangent  .to  the  same  radius  at  the  point  of  meeting.  In  any  other  case 
there  will  be  a  break  or  sharp  place  which  will  be  very  apparent  to 
the  eye;  and  further,  a  piece  made  after  the  drawing  will  not  be  so 


wig.  64.   Drawtnff  Symm^trlOAl  B«T«ra«  Oorres. 

Strong  as  though  the  curve  flowed  regularly.  The  difference  in  strength 
may  be  hardly  calculable,  but  is  there,  all  the  same,  and  the  appear* 
ance  will  always  be  better  where  this  rule  is  followed. 

There  is  a  very  simple  way  to  attain  this  desired  end,  and  that  is  to 
draw  at  various  points  on  the  wooden  or  other  templets,  which  are 
used  for  making  simple  or  compound  non-circular  curves,  radii  (or  in 
the  case  of  concave  curves,  prolongations  of  radii)  to  the  curve,  that 
is,  lines  at  right  angles  to  the  curves  at  the  points  chosen.  In  Fig.  53 
is  shown  a  logarithmic  spiral  templet  with  such  radii  and  prolonged 
radii  marked  thereon,  together  with  (to  the  right)  a  compound  curve 
drawn   therewith   without  reference   to   the   rule,   and   one   properly 

drawn,  t 

To  Draw  Symmetrical  Reverse  Ourves. 

In  drawing  a  symmetrical  figure  which  requires  a  right-hand  and 

left-hand  curved  line,  some  difficulty  may  be  experienced,  especially  if 

a  celluloid  curve  is  used.    By  using  a  wooden  curve,  marks  can  be  put 

on  it  to  indicate  the  beginning  and  ending  of  the  line  desjred,  but 

•  B.  p.  Kiefer,  Marchriooe] 

tBobert  Grimshaw.  July,  1907.  .     . 
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doing  this  for  some  time  puts  the  curve  in  a  Ind  sliape,  and  it  becomes 
hard  to  discern  which  mark  was  put  down  last.  It  is  hard  to  put 
marks  on  the  rubber  or  celluloid  curves,  so  the  following  method  of 
using  curves  of  any  material  seems  to  be  far  better. 

As  can  be  seen  in  Fig.  54»  there  is  a  hole  about  1/16  inch  diameter 
put  in  each  end  of  the  curve.  In  use,  the  curve  is  laid  on  the  drawing, 
the  location  of  the  holes  marked  with  pencil  point,  and  the  desired 
curve  drawn.  On  the  center  line  of  the  piece  to  be  drawn,  select  two 
centers,  as  A  and  B,  and  from  them  locate  the  positions  of  the  holes 
in  the  opposite  side.  Place  the  holes  in  the  curve  over  these  points 
and  the  curve  is  in  the  reversed  position.  The  method  is  simple;  in 
fact,  it  takes  a  much  longer  time  to  explain  it  than  to  follow  it. 

Graduated  Ourve  for  Drawing  Symmetrical  Lines. 

Many  curves  drawn  by  meanp  of  the  so-called  French  curve,  such  as 
the  ellipse,  hyperbola  and  parabola,  require  t^at  the  same  parts  of  the 


Flff.  56.    DraftmuAn's  Qrftduatod  Ourre. 

French  curve  arc  used  on  each  side  of  the  axis  of  symmetry.  The 
regularity  of  the  curve  and  the  degree  of  perfection  of  the  symmetry 
will  then  depend  on  one's  ability  to  reproduce  in  proper  sequence  on 
one  Bide  of  the  curve  the  parts  of  the  curve  used  when  previously  draw- 
ing the  other  side.  Fig.  56  shows  a  curve  graduated  on  its  edges  with 
some  arbitrary  divisions,  say  in  eighths.  At  every  fourth  one  of 
these  divisions  a  number  is  placed,  starting  with  1  at  any  convenient 
point  on  the  curve  and  increasing  by  one  until  the  graduations  come 
back  to  the  starting  point.  If  the  curve  is  made  of  celluloid  the 
figures  may  be  put  on  in  black,  so  that  when  the  curve  is  turned  over 
with  the  figures  down,  they  can  be  seen  readily.  If  the  curve  is  made 
of  an  opaque  substance  the  numbers  must  be  put  on  both  sides.  The 
numbers  on  the  back  should  exactly  coincide  with  the  numbers  on  the 
face,  and  should  proceed  around  the  curve  in  the  same  order.  In  the 
cut  the  graduations  are  not  shown  all  around  the  edges  of  the  curve, 
but  in  graduating  a  curve  they  should,  of  course,  be  carried  all  around. 

MiBcellaneous  Hints  for  the  Drafting-Boom. 

It  is  sometimes  desired  to  make  a  tracing  of  cuts  from  catalogues, 
books,  etc.,  and  to  do  this  without  removing  the  page.  Perhaps  it  is 
not  well  known  that  by  wetting  the  edges  of  the  starchy  side  of  trao- 
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ing  cloth,  and  rubbing  it  on  the  page,  it  will  adhere  firmly  enough  so 
that  the  tracing  can  be  made  on  the  dull  side  without  much  trouble. 

In  drawing  a  number  of  circles  or  arcs  from  the  same  center  it  is 
best  to  glue  a  small  piece  of  paper  oyer  the  center  to  hold  the  point 
of  the  compass  leg.  This  will  obviate  the  likelihood  of  making  an 
unsightly  hole  in  the  drawing  paper.  The  best  way  is  to  have  a  sup- 
ply of  these  "centers"  on  hand,  which  can  be  made  from  a  piece  of 
waste  drawing  paper.  A  thin  coating  of  glue  is  spread  on  the  paper, 
and  when  dry  it  is  ready  for  use;  when  needed^  a  small  piece  is  cut 
off,  moistened,  and  fastened  to  the  drawing  paper.  It  can  be  easily 
removed  from  the  sheet  with  the  blade  of  a  penknife,  and  the  little 
glue  which  remains  on  the  paper  can  be  removed  by  the  application 
of  a  rubber  ink  eraser. 

It  is  a  good  plan  when  leaving  a  tracing  on  the  board  at  night  to 
remove  all  the  tacks  from  the  drawing  and.  tracing  except  the  one 
which  is  in  the  center  of  the  top  edge  and  the  one  which  is  in  the 
center  of  the  bottom  edge.  This  allows  it  to  go  and  come  and  to  be 
tightened  readily  in  the  morning. 

In  spacing  a  line  for  screw  threads,  when  it  is  desired  to  represent 
the  y,  the  thread  gage  furnishes  the  means  as  well  as  anything  could; 
simply  choose  the  pitch  and  make  the  impressions. 

Wiien  lines  on  an  outer  circle  are  to  be  drawn  tangent  to  an  inner 
circle,  a  cardboard  disk  is  a  good  substitute  for  the  eccentrolinead, 
and  is  as  much  better  than  a  circle  as  is  a  pin  put  in  the  center  for 
radiating  lines,  than  a  lead  pencil  point. 

It  is  well  to  have  a  piece  of  blotting  paper  2x3  inches  hung  on  the 
wall,  for,  when  it  is  needed,  it  is  wanted  in  a  hurry,  and  this  makes  a 
convenient  place  for  it. 

A  small  flat  oil-can  with  screw  top  is  very  convenient  to  have 
among  the  draftsman's  kit;  if  oil  is  used  frequently  on  the  screws  and 
nuts  of  instruments  they  not  only  work  better,  but  last  much  longer. 
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No.  10.  Examples  of  MACHI^E  Shop  Pbactice. — Three  chapters  on  Cut- 
ting Bevel  Gears  with  a  Rotary  Cutter,  Spindle  Construction,  and  the  Making 
of  a  Worm-Gear.  The  descriptions  of  the  operations  are  profusely  illustrated, 
demonstrating  the  value  of  the  camera  for  telling  the  story  of  machine  shop 
work,  and  for  graphic  instructions  in  the  methods  of  machine  shop  practice. 

No.  11.  Bearings. — Design  of  Bearings,  Hot  Bearings,  Oil  Grooves  and 
Fitting  of  Beaiings,  Lubrication  and  Lubricants,  and  Ball  Bearings. 

No.  12.  Mathematical  Principles  of  Machine  Design. — The  matter  pre- 
sented is  almost  entirely  the  work  of  Mr.  C.  F.  Blake,  a  name  very  familiar  to 
the  readers  of  Machinery.  Draftsmen  and  designers  will  find  the  chapters  on 
the  Efficiency  of  Mechanisms  and  Notes  on  Design  full  of  valuable  suggestions. 

No.  13.  Blanking  Dies. — Contains  chapters  dealing  with  Blanking  Dies  in 
general,  the  Design  of  Dies  for  Cutting  Stock  Economically,  Split  Dies,  and 
General  Notes  on  Die  Making. 

No.  14.  Details  of  Machine  Tool  Design. — Contains  chapters  on  the  deter- 
mination of  the  Diameters  of  Cone  Pulleys,  the  Relation  between  Cone  Pulleys 
and  Belts,  the  Strength  of  Countershafts,  and  Tumbler  Gear  Design. 

No.  15.  Spur  Gearing. — Contains  chapters  on  the  First  Principles  of  the 
Action  of  Gears,  the  Arithmetic  of  Spur  Gearing,  Formulas  for  the  Strength  of 
Gear  Teeth,  and  the  Variation  of  the  Strength  of  Gear  Teeth  with  the  Velocity. 

No.  16.  Machine  Tool  Drives. — Contains  chapters  on  the  Speeds  and 
Feeds  of  Machine  Tools;  Machine  Tool  Drives;  Single  Pulley  Drives;  and 
Drives  for  High  Speed  Cuttings  Tools. 

No.  17.  Strength  of  Cylinders. — Deals  with  the  subject  of  strength  of 
cylinders  against  internal  hydraulic  or  steam  pressure.  Formulas,  tables  and 
diagrams  are  given  -to  facilitate  the  design  of  such  cylinders. 

No.  18.  Arithmetic  for  the  Machinist. — Among  the  various  subjects 
treated  are  the  following:  The  Figuring  of  Change  Gears;  Indexing  Movements 
for  the  Milling  Machine;  Diameters  of  Forming  Tools;  and  the  Turning  of 
Tapers.     Simple  directions  are  given  for  the  use  of  tables  of  sines  and  tangents. 

No.  19.  Use  of  Formulas  in  Mechanics. — This  pamphlet  is  adapted  for  the 
man  who  lacks  a  fundamental  knowledge  of  mathematics.  It  opens  with  a 
chapter  on  mechanical  reading  in  general,  and  proceeds  to  explain  thoroughly 
the  use  of  formulas  and  their  application  to  general  mechanical  subjects. 

No.  20.  Spiral  Gearing. — A  simple,  but  corniilete,  treatment  of  the  subject, 
from  a  practical  point  of  view,  giving  directions  for  calculating  and  cutting 
helical,  or,  as  they  are  commonly  called,  spiral  gears. 

Lack  of  space  prevents  a  description  of  the  following  very  useful  and  in- 
teresting pamphlets:  — 

No.  21.  Measuring  Tools. — No.  22.  Calculations  of  Elements  of  Ma- 
chine Design. — No.  23.  The  Theory  of  Crane  Design. — No.  24.  Examples  Or" 
Calculating  Designs. 

OTHER  PAMPHLETS  IN  THE  SERIES  WILL  BE  ANNOUNCED  IN  MACHINERY 
FROM  TIME  TO  TIME. 
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MAOHINBRY'S  REFERENCE  SERIES. 

The  present  treatise  is  one  unit  In  a  comprehensive  series  of  inexpensive 
reference  pamphlets,  broadly  planned  to  present  the  very  best  that  has  been 
published  on  machine  design,  construction  and  operation,  collected  from 
Macii INERT,  classified  and  carefully  edited  by  Maciiinery*s  staff.  The  titles 
of  twenty-four  of  these  pamphlets,  with  an  outline  of  the  contents  of  each, 
will  be  found  b^low.  Each  pamphlet  measures  about  6x9  inches,  standard 
size,  will  contain  from  32  to  48  pages,  depending  upon  the  amount  of  space  re- 
quired to  adequately  tover  its  subject,  and  is  printed  with  wide  margins  to 
allow  for  binding  in  sets  if  desired. 

The  price  is  25  cents  for  each  pamphlet  to  subscribers  for  Machinery,  and 
the  pamphlets  can  be  obtained  by  new  subscribers  on  very  favorable  terms  in 
accordance  with  special  offers.  For  information  in  regard  to  these  offers, 
address:  The  Industrial  Press.  49-55  Lafayette  St.,  New  York  City,  U.  S.  A. 

CONTENTS  OP  PAMPHLETS. 

No.  1.  Worm  Gearing. — Contains  chapters  on  Calculating  the  Dimensions 
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of  Woim-Wheels;  The  Location  of  the  Pitch  Circle  in  Worm  Gearing;  The  De- 
sign of  Self-locking  Worm  Gearing. 

No.  2.  Drafting-room  Practice. — A  valuable  treatise  on  current  drafting- 
room  practice,  with  descriptions  of  card  indexing  systems  for  jobbing  and 
repair  shops,  and  other  plants  having  a  large  variety  of  work.  A  treatise  is 
included  on  tracing,  lettering  and  mounting  drawings. 

No.  3.  Drill  Jigs. — The  first  chapter  contains  an  elementary  treatise  on 
the  principles  of  drill  jigs,  followed  by  a  description  of  an  original  method  of 
drilling  jig  plates.  Another  chapter  describes  a  great  variety  of  designs  of 
drill  jigs,  taken  from  actual  practice.  In  order  to  adequately  cover  this  im- 
portant subject,  it  was  necessary  to  make  this  pamphlet  54  pages. 

No.  4.  Milling  Fixtures. — A  thorough  treatment  of  the  principles  of  the 
design  of  fixtures  for  the  milling  machine,  together  with  a  large  collection  of 
examples  of  milling  fixture  designs,  taken  from  practice. 

No.  5.  First  Principles  of  Tueoretical  Mechanics. — Introduces  practi- 
cally all  the  matter  treated  in  large  works  on  theoretical  mechanics,  presented 
for  the  practical  man  in  a  way  that  does  not  require  any  great  amount  of 
mathematical  knowledge. 

No.  6.  Punch  and  Die  Work. — A  general  treatise  on  the  making  and  use 
of  punches  and  dies,  giving  a  variety  of  examples  from  actual  practice. 

No.  7.  Lathe  and  Planer  Tools. — A  treatise  on  cutting  tools  for  the  lathe 
and  planer;  boring  tools;  straight  and  circular  forming  tools,   etc. 

No.  8.  Working  Drawings  and  Drafting-room  Kinks. — This  pamphlet  is 
particularly  devoted  to  principles  of  making  working  drawings  for  the  shop; 
gives  concise  instructions  and  suggestions  for  draftsmen;  and  contains  a  large 
selection  of  drafting-room  kinks  of  all  kinds. 

No.  9.  Designing  and  Cutting  Cams. — A  general  treatise  on  the  Drafting 
of  Cams,  followed  by  chapters  on  Cam  Curves,  the  Effect  of  Changing  the  Loca- 
tion of  Cam  Roller,  Notes  on  Cam  Design,  the  Making  of  Master  Cams,  etc. 
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CHAPTER  I. 


THE  DRAPTINa  OP  GAMS. 

A  cam  is  a  device  for  converting  circular  into  reciprocating  motion. 
Jt  generally  consists  of  a  disk  having  an  irregular  face  that  acts  as. 
driver  of  a  follower  in  contact  with  it,  or  else  of  a  groove  cut  in  a  flat 
or  curved  surface.  Cams  are  very  useful  adjuncts  to  many  forms  of 
machines,  as  by  their  aid  various  complex  and  complicated  movements 
may  be  obtained  that  were  otherwise  impossible.  Their  use  is,  how- 
ever, attended  with  some  objections  of  a  character  serious  enough  to 
warrant  the  substitution  of  some  other  method  of  arriving  at  a  desired 
result  when  such  other  method  is  available.  Among  these  objections 
may  be  mentioned  the  considerable  amount  of  friction,  producing  wear, 
and  the  noisy  action  of  cam  movements.  Despite  these  objections, 
cams  have  a  wide  use  and  are  employed  in  many  familiar  machines. 
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rig.  1.    DlAffram,  ffraphically  showliMr  Motion  ixnpibrtad  to 
FoUower  by  Oams  In  Pl^.  S  and  8. 

Harvesters,  printing  presses,  sewing  machines,  looms,'  and  steam-valve 
mechanisms  are  a  few  of  such  machines  to  which  cams  contribute  part 
of  the  action.  The  more  complicated  forms  of  automatic  machinery, 
automatic  screw  machines,  for  instance,  depend  largely  upon  the  aid 
of  cams.  The  various  machines  used  in  the  manufacture  of  shoes  are 
also  good  examples  of  this  class. 

Laying  Out  a  Oam  for  Uniform  Reciprocating  Motion. 

The  process  of  laying  out  cams  is  simple  and  easily  acquired.  The 
laying-out  of  a  heart-shaped  cam  will  serve  as  an  illustration  of  the 
general  method.  This  cam  is  used  to  convert  circular  motion  into 
uniform  reciprocating  motion.  Let  it  be  required  to  lay  out  a  cam 
that  will  move  a  follower  with  uniform  velocity  through  a  throw  of 
1^  inch.  This  action  may  be  graphically  shown  by  the  aid  of  a  dia- 
gram, Fig.  1.  The  action  of  but  one-half  the  complete  movement  need 
be  considered,  as  the  return  of  the  follower  is  along  a  curve  similar  to 
that  occasioning  the  rise.  Therefore,  let  A  I,  a,  line  of  indefinite  length, 
represent  one-half  a  revolution  of  the  cam.    At  /  draw  the  perpendicu- 
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4  DESIGNING  AND  CUTTING  CAMS 

lar  I Q  equal  to  the  extreme  throw,  in  this  case  1^  inch.  As  the  rise 
of  the  follower  is  to  be  uniform,  this  action  may  be  shown  by  a  straight 
line  connecting  A  and  Q.  Divide  the  line  A I  into  any  number  of  equal 
parts,  say  eight,  and  erect  perpendiculars  at  the  points  of  division. 
The  point  W  will  then  represent  one-quarter  revolution  of  the  cam, 
and  the  distance  E  M  will  represent  the  throw  at  that  point.  In  the 
same  way  the  distance  CK  represents  the  amount  of  throw  at  one- 
eighth  revolution,  the  distance  GO,  the  throw  at  three^ighths  revolu- 
tion, and  so  on  for  the  other  perpendiculars. 

To  lay  out  the  cam  curve,  describe  about  X,  Fig.  2,  as  center  any 
semi-circle,  aei.     Divide  this  semi-circle  into  the  same  number  of 
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Flffs.  2  and  8.    Lay-out  of  Unlftonn  Motion  Cams. 

equal  parts  into  which  the  line  A I  was  divided.  Connect  these  points 
of  division  with  the  center  X,  and  extend  the  lines  indefinitely  beyond 
the  semi-circle.  On  X  h,  make  h  j  equal  to  BJy  on  X  c,  make  c  k  equal  to 
C  Kf  and  so  on,  extending  each  radius  a  distance  equal  to  the  corre- 
sponding perpendicular  in  Fig.  1.  Then  through  the  points  a,  /,  k,  I, 
etc.,  draw  a  smooth  curve.  This  curve  is  one-half  the  required  cam 
curve.  By  drawing  a  similar  curve  to  the  left  of  a  the  cam  curve  is 
completed.  By  rotating  the  cam  about  the  center,  X,  the  follower,  B, 
would  be  forced  to  rise,  with  uniform  velocity,  through  a  distance  of 
IV2'  inch.  During  the  second  half  of  the  revolution  it  would  fall 
uniformly,  by  aid  of  gravity  or  a  spring,  to  the  initial  point  a. 
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Alternative  Method  of  Laying'  Out  Cam  Curve. 
Another  way  of  laying  out  the  same  cam  curve  is  as  follows:  Draw 
any  semi-circle,  aai^  Fig.  3,  and  extend  the  diameter  on  one  Bide  a 
distance  iq  equal  to  the  required  throw.  Divide  iq  into  any  number 
of  equal  parts,  as  at  t,  c,  d,  etc.,  and  divide  the  semi-circle  by  the  same 
number  of  radii  equally  distributed.    With  X  as  center  and  a  radius 
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Plar.  4.    Cam  with  Roller  Follower. 

equal  to  X  &  describe  an  arc  cutting  Z ;  at  ;.  With  the  same  center 
and  radius  equal  to  X  c  describe  an  arc  cutting  X  fc  at  fc.  Continue  this 
process  through  the  points  d,  e,  f,  etc,  thus  obtaining  the  points  Z,  m, 
n,  etc.    The  latter  are  points  on  the  required  curve. 

The  excessive  friction  of  a  pointed  follower  such  as  that  shown  at 
R   necessitates   the   employ nn.nt   of   a   follower   that  will    reduce   the 
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amount  of  friction  to  a  minimum.  A  small  roller  meets  this  require- 
ment. If  a  roller  is  employed  as  a  follower  the  problem  of  laying  out 
the  cam  curve  becomes  modified.  A  roller  traveling  along  the  curves 
shown  in  Figs.  2  and  3  would  not  impart  to  the  follower-rod  the  desired 
uniform  rise  and  fall.  The  variation  would  be  but  slight,  yet  sufficient 
to  merit  consideration  where  accuracy  is  desired. 

Cams  with  Roller  Followers. 
Fig.  4  represents  a  heart-shaped  cam  of  the  same  dimensions  as  in 
Figs.  2  and  3,  but  with  a  roller  follower.    It  is  the  path  of  the  center 
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Ffff.  6.    Positive  Action  Cam  for  Variable  Motion  of  FoUower. 

of  this  roller  that  requires  the  first  consideration,  as  the  position  of 
this  center  regulates  the  throw.  Therefore,  the  position  of  the  center 
of  the  roller  at  various  intervals  in  the  rotation  of  the  cam  must  be 
determined.  This  may  be  done  by  adding  to  each  of  the  distances 
J  B,K  Cj  L  D.,  etc.,  in  Fig.  1,  the  radius  of  tbe  roller,  and  thus  obtaining 
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DRAFTING  OF  CAMS  7 

the  points  y,  k,  h  etc.  With  these  points  as  centers  and  with  radii 
equal  to  that  of  the  roller,  describe  arcs.  A  curve  drawn  tangent  to 
these  arcs  is  the  required  cam  curve. 

This  cam  depends  upon  the  action  of  gravity,  or  a  spring,  to  keep 
the  follower  in  contact  with  the  driver.  It  can  be  made  positive  in 
action  by  the  use  of  two  followers  placed  at  the  extremities  of  the 
diameter  of  the  cam,  or  by  drawing  curves  tangent  to  both  the  top 
and  bottom  of  the  follower  roller  in  its  various  positions,  and  the 
two  curves  taken  as  the  boundaries  of  a  groove  cut  into  the  metal.  A 
familiar  application  of  the  use  of  a  heart-shaped  cam  may  be  found 
in  the  bobbin-winder  of  the  domestic  sewing  machine.  The  thread  is 
fed  to  and  fro  at  a  uniform  rate,  the  follower  of  the  cam  acting  as  a 
guide  for  the  thread.  The  action  is  made  positive  by  the  employment 
of  two  follower  rollers. 

Positive  Action  Cam  for  Variable  Motion  of  Follower. 
The  latter  method  of  laying  out  a  positive  motion  cam  referred  to 
above  is  more  clearly  shown  in  Fig.  5.    A  variable  motion  is  here  sub- 
stituted for  the  regular  motion  of  the  heart-shaped  cam.    Let  it  be 
required  to  lay  out  a  positive  motion  cam  that  shall  impart  to  the 
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ng.  a.   Diagram  of  Motion  Imparted  to  FoUower  by  Cam  In  Fig.  S 

follower  the  following  action:  A  uniform  rise  of  %  inch  during  the 
first  eighth  of  a  revolution;  no  action  during  the  next  eighth;  a  uni- 
form rise  of  %  inch  during  the  third  eighth;  no  action  during  the 
fourth  eighth;  a  uniform  fall  of  1  inch  during  the  next  three-eighths  of 
the  revolution;  and  no  action  during  the  last  eighth.  The  action  is 
graphically  shown  in  Fig.  6.  Let  AG  represent  one  complete  revolu- 
tion of  the  cam;  B,  the  first  eighth;  C,  the  second;  2>,  the  third;  E, 
the  fourth;  and  F,  the  seventh.  The  problem  calls  for  a  uniform  rise 
of  %  inch  during  the  first  eighth.  Therefore,  from  B  draw  the  per- 
pendicular BH,  %  inch  in  length,  and  Join  A  and  H,  As  there  la  to 
be  no  action  during  the  second  eighth,  draw  H I  parallel  to  B  C;  that 
is,  the  follower  will  be  the  same  distance  from  AG  aX  I  that  it  was  at 
H,  and  therefore  the  follower  will  not  have  been  acted  upon.  During 
the  next  eighth  revolution  the  follower  is  required  to  move  %  inch. 
As  it  has  already  moved  ^  inch,  the  sum  of  these  two  distances  is  the 
length  DJ,  As  this  rise  is  to  be  uniform,  a  straight  line  is  drawn 
Joining  I  and  /.  No  action  during  the  fourth  eighth  is  shown  by  draw- 
ing JK  parallel  to  D  E.     A  uniform  fall  of  1  inch  during  the  next 
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three-eighths  of  the  revolution  Is  shown  by  joining  K  and  F,  and  the 
period  of  rest  during  the  last  eighth  revolution  is  shown  at  F  O.  The 
line  AL  is  equal  to  the  radius  of  the  roller,  and  by  drawing  the  line 
L  R  parallel  to  A  G,  the  distance  of  the  center  of  the  roller  from  the 
base  circle  may  be  taken  directly  for  any  radius  of  the  cam. 

To  lay  out  the  cam  from  the  diagram,  draw  any  base  circle  Inp, 
Fig.  5,  and  divide  it  into  the  same  number  of  equal  parts  into  which 
the  line  A  G  is  divided,  viz,,  sixteen.    Through  these  points  of  division 
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Fig.  7.    Cam  with  Follower  havlnfir  Line  of  Action  Eccentric  with  Cam  Axis. 

draw  radii  and  extend  them  indefinitely.  Upon  these  radii*  take  la  = 
LA,  mh=:M H,  ni=^X I,  etc.,  thus  determining  the  positions  of  the 
center  of  the  roller  at  the  various  intervals.  Sketch  in  the  outline 
of  the  roller  in  its  different  positions,  and  draw  curves  tangent  to  these 
outlines. 

Line  of  Action  of  Follower  Eccentric  with  Cam  Axis. 
In  the  cams  previously  considered,  the  line  of  action  of  the  follower 
passes  through  the  center  of  the  cam-shaft.     When  the  line  of  action 
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of  the  follower  passes  to  either  side  of  the  center  of  the  cam-shaft,  as 
In  Fig.  7,  a  different  method  of  laying  out  the  cam-curve  becomes 
necessary.  Assume  that  the  requirements  and  conditions  are  the  same 
as  in  Fig.  2,  excepting  that  the  line  of  action  of  the  follower  shall  be 
one  inch  to  the  right  of  the  center  of  the  cam-shaft.  Draw  the  indefi- 
nite line  XA  passing  through  the  center  of  the  cam-shaft.  One  inch 
to  the  right  of  X  draw  the  line  of  action  A  f,  of  the  follower,  perpen- 
dicular to  XA.  Let  B  be  the  lowest  position  that  the  follower  is  to 
assume,  and  let  /  be  the  highest.  Divide  the  throw,  B  f,  into  any 
number  of  equal  parts,  as  at  c,  d  and  e.  Through  A  describe  a  circle 
with  X  as  center.  Divide  this  circle  into  twice  the  number  of  equal 
parts  into  which  B  f  is  divided.  From  each  of  these  points  J,  K,  L, 
etc.,  draw  tangent  to  the  circle.  Then,  with  X  as  center,  describe  arcs 
through  c,  d,  e,  and  f.    Where  the  arc  c  cuts  the  tangents  from  points 
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Fl0.  8.    Cam  and  FoUower  both  having  Variable  Motton. 

J  and  P,  as  at  C  and  7,  are  points  on  the  desired  curve.  Where  the 
arc  through  d  cuts  the  tangents  from  K  and  O,  as  at  D  and  Hj  are  also 
points  on  the  curve.  The  points  E,  F,  and  G  are  obtained  in  a  like 
manner. 

Cams  with  Pivoted  Followers. 

The  problem  of  Fig.  2  may  be  further  modified  by  having  the  follower 
pivoted  instead  of  acting  in  a  straight  line.  In  this  case,  the  line  of 
action  becomes  the  arc  of  a  circle.  Problems  of  this  nature  may  be 
solved  by  substituting  for  the  straight  line  of  action  shown  at  tg,  Fig. 
3,  an  arc  which  shall  represent  the  path  of  the  follower.  This  arc  of 
action  t^es  the  place  of  all  the  various  radii  of  Fig.  3,  and  the  points 
6,  c,  dy  etc.,  serve  as  a  series  of  initial  points  from  which  to  swing  con- 
centric arcs  to  intersect  the  various  positions  of  the  arc  of  action  of 
the  follower.  The  method  is  analogous  to  that  of  Fig.  3.  In  Fig.  29 
this  method  is  applied  to  a  cam  of  ununiform  motion. 
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Cams  and  Followers  both  having'  Variable  Motion. 

The  rotation  of  the  driver  has  thus  far  been  considered  as  uniform, 
and  the  action  of  the  follower  either  uniform  or  Irregular.  A  case 
will  now  be  considered  wherein  both  the  action  of  the  driver  and  that 
of  the  follower  is  irregular.  In  Fig.  8,  let  the  unequal  divisions  into 
which  the  base  circle  A  /  L  is  divided  by  the  points  A,  I,  /,  etc.,  repre- 
sent space  traversed  by  the  driver  in  equal  periods  of  time.  That  is, 
if  it  takes  the  driver  one  second  to  rotate  through  the  arc  A  I,  it  will 
take  the  same  time  to  rotate  through  the  larger  arc  7/  or  the  smaller 
arc  L  M,  Again,  let  A  e  represent  the  Irregular  path  of  the  follower 
and  the  points  &,  c,  d,  and  e  Its  position  at  certain  equal  Intervals  of 
time,  say  one  second.     The  number  of  divisions  made  in  the  path 


Oj*-^  lit  ^  Machinrru,S,T, 

Flff.  O.    Cam  with  "Fl*t-ft>o{ed"  FoUower. 

of  the  follower  should  correspond  with  the  number  of  divisions  into 
which  one  revolution  of  the  driver  is  divided.  The  points  B,  C,  D, 
etc.,  of  the  cam  curve  may  be  found  by  the  method  of  intersections 
explained  in  Fig.  3.  This  problem  is  of  a  general  nature  and  is  uni- 
versally applicable  to  problems  involving  a  disk  driver  and  a  follower 
other  than  a  flat-footed  one. 

The  "Flat-f90ted"  Follower. 

A  familiar  example  of  a  flat-footed  follower  is  afforded  by  the  toe- 
and-lift  mechanism  used  to  actuate  the  engine  valves  of  side-wheel 
steamers.  The  "lift"  or  "wiper"  Is  pivoted  upon  a  rock-shaft  which 
is  caused  to  oscillate  by  an  eccentric  placed  upon  the  i>addle-wheel 
shaft.  In  Fig.  9,  let  the  arc  through  which  the  rock-flhaft  swings 
equal  90  degrees — 45  degrees  on  either  side  of  the  vertical — and  let 
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the  "toe"  rise  and  fall  with  uniform  motion  through  l^^  inch.  It  Is 
required  to  design  the  upper  face  of  the  lift  to  give  the  desired  throw. 
Divide  the  throw,  A  7,  into  any  number  of  equal  parts,  say  eight, 
and  locate  the  center  of  the  rock-shaft,  as  X,  Upon  a  piece  of  tracing 
paper  draw  a  quadrant,  xhTc,  Fig.  10,  xJc  being  equal  to  one-half  the 
throw  of  the  eccentric,  say  3  Inches.  Draw  rrZ  at  45  degrees  to  xh^ 
and  h  I  at  right  angles  to  x  k.  Through  the  point  of  intersection,  Z, 
and  with  x  as  center,  describe  the  arc  Zm.  The  arc  kh  then  repre- 
sents a  quarter  revolution  of  the  eccentric,  and  the  arc  I  m  the  corre- 
sponding angular  movement  of  the  rock-shaft  crank.  Divide  the  arc 
k  h  into  the  same  number  of  equal  parts  into  which  the  throw  of  the 
toe  was  divided,  viz.,  eight.  Through  these  points  of  division  draw 
lines  parallel  to  xm,  intersecting  the  arc  mZ  in  the  points  n,  o,  p, 
etc.  From  these  points  draw  radial  lines.  Now,  while  the  eccentric 
is  moving  through  a  quarter  revolution  with  a  uniform  motion,  as 
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Pljr.  10.    Layout  for  Cam  with  "Plat-fboted"  Follower. 

shown  by  the  equal  division  of  the  arc  hk,  the  center  line  of  the 
rock-shaft  crank  will  assume  the  corresponding  positions  shown  by 
the  radial  lines. 

Place  the  tracing  in  Fig.  10  upon  Fig.  9  so  that  X  and  x  coincide, 
and  the  line  xm  falls  upon  the  line  XM,  Then  draw  upon  the  trac- 
ing-paper the  position  of  the  line  A.  Rotate  the  tracing-paper  about 
X  until  xn  coincides  with  XM  and  draw  the  position  of  the  line  B. 
Again  rotate  about  X  until  xo  coincides  with  XM  and  draw  the  posi- 
tion of  the  line  C.  Continue  this  process  until  the  positions  of  the 
lines  D,  E,  F,  etc.,  are  located.  A  curve  drawn  tangent  to  the  lines  thus 
obtained  Is  the  required  cam-curve.  This  latter  procedure  is  not  shown 
In  the  cuts.    The  use  of  tracing-paper  for  laying  out  cam-curves,  as  here 
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exemplified,  is  applicable  to  the  laying  out  of  a  variety  of  such  curves. 
The  tracing  may  be  made  to  assume  different  positions  of  either  the 
driver  or  follower  and  their  relation  shown  at  any  desired  interval 
during  their  action. 

In  work  dealing  with  cam  curves  there  are  some  factors  of  a 
practical  nature  that  must  be  considered,  one  of  which  may  be  here 
stated,  as  applying  directly  to  the  problem  of  the  toe-and-llft.  This 
factor  is  the  easement  of  cam  action  to  prevent  jerking.  The  action 
as  drawn  in  Fig.  9  has  too  abrupt  a  beginning  and  ending,  and  should 
be  modified  by  an  easement  curve  at  both  these  points  of  action.  In 
any  action  that  tends  to  jerkiness,  a  smoother  motion  may  be 
obtained  by  slightly  modifying  the  curve  at  the  offending  point. 

Cams  with  Double  Contact. 

In  the  drawings  of  cams  thus  far  shown,  there  has  been  but  one 
point  of  contact  between  the  driver  and  follower.  Positive  motion  is 
often  obtained  by  having  two  points  of  contact.    Cams  having  two  such 
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points  of  contact  are  subject  to  certain  limitations.  For  instance,  in 
Fig.  11,  if  A  and  B  are  two  points  of  contact  of  the  follower,  and  are 
a  constant  distance  apart,  and  the  curve  A  D  B  be  any  assumed  curve 
of  one-half  revolution  of  the  cam,  the  curve  of  the  remaining  half 
revolution  is  limited  to  a  curve  complementary  to  ADB.  That  is,  the 
distances  C  F,  D  G,  and  E  H  must  equal  the  constant  A  B. 

If  it  is  desired  to  have  an  independent  movement  throughout  the 
entire  revolution  of  the  cam  it  will  be  necessary  to  have  two  cams 
placed  one  upon  the  other,  one  point  of  contact  of  the  follower  bear- 
ing upon  the  second  cam.  In  this  case,  having  assumed  any  curve  for 
one  of  the  cams,  the  other  cam  must  be  made  complementary  to  the 
first,  the  constant  distance  apart  of  the  points  of  contact  forming  the 
basis  for  the  calculation.  Forms  of  double  contact  cams  are  shown  in 
Figs.  12  and  13.  Fig.  12  is  a  rocker  cam,  and  Fig.  13  is  a  tri-lobe  cam 
giving  three  reciprocating  motions  to  the  follower  for  each  revolution 

of  the  driver. 

Cylindrical  Cams. 

Fig.  14  illustrates  a  method  for  laying  out  cylindrical  cams.  Let 
g  da  he  the  plan,  and  H a'  the  development   of  the  cylinder  shown 
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in  elevation  at  JTA.  Divide  the  plan  into  any  number  of  equal  parts 
as  at  a,  6  c,  etc.,  and  project  these  points  of  division  upon  the  front 
elevation  of  the  cylinder  as  the  elements  A,  B,  C,  etc.  On  the  devel- 
oped surface  these  elements  appear  as  a\  6',  c',  etc.  Upon  the  develop- 
ment, lay  out  the  desired  action,  as  in  Figs.  1  and  6,  avoiding  or  easing 
all  sharp  corners.  Suppose  m  Z  p  to  be  such  an  action.  This  curve  will 
then  represent  the  path  of  the  center  of  the  follower.  Let  L  indicate 
the  center  of  the  follower.  Then,  as  the  cylinder  is  rotated  about  Its 
axis,  the  point  L  moves  to  and  fro  a  distance  L  /,  and  with  an  irregu- 
lar motion  dependent  on  the  form  of  the  curve  m  i  p.  The  projection 
of  this  curve  upon  the  elevation  of  the  cylinder  is  shown  at  L  m. 

The  form  of  the  roller-follower  may  be  either  cylindrical  or  conical; 
the  question  of  the  shape  of  the  follower  has  been  treated  more  com- 
pletely in  Chapter  IV.     In  laying  out  the  cam  practically,  the  outline  . 
of  the  groove  may  be  drawn  by  the  method  shown  in  Fig.  5,  that  is. 
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Fiff.  14.    Layout  of  Cylindrical  Cam. 


by  drawing  curves  tangent  to  the  various  positions  of  the  roller,  and 
then,  by  winding  the  drawing  about  the  metal  cylinder  blank,  any 
number  of  points  of  the  groove  may  be  located  with  a  prick-punch. 
Or,  the  drawing  may  be  made  directly  upon  the  surface  of  the  cylinder. 
The  method  for  laying  out  a  conical  cam  is  similar  in  principle  to 
that  for  laying  out  a  cylindrical  cam,  and  is  easily  deduced  from  the 
latter. 

Laying  Out  a  Cam  for  Shifting  Planer  Belt. 

The  following  problem  in  machine  design  is  one  of  a  series  given  to 
the  students  in  mechanical  engineering  at  Cornell  University.  It 
furnishes  a  good  example  of  the  method  of  reasoning  applied  to  prac- 
tical problems   in  mechanics,  and   is  also  an  interesting  problem  in 
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quick-return  motions.  The  problem  calls  for  the  designing  of  a  device 
for  automatically  shifting  the  belts  of  a  planer.  The  driving  shaft 
has  a  fixed  pulley  of  wide  face  carrying  two  belts.  The  driven  shaft 
has  two  sets  of  a  loose  and  a  fixed  pulley.  One  set,  smaller  than  the 
other,  is  driven  by  a  crossed  belt,  and  its  shaft  therefore  rotates  in 
a  direction  opposite  that  of  the  driving  shaft.    The  larger  fixed  pulley 


Fiff.  16.    Arranarement  for  AutomaticaUy  ShUUoff  Planer  Belts. 

drives  the  planer  while  the  tool  is  cutting,  and  the  smaller  fixed  pulley 
causes  a  quick  return  of  the  tool  while  Ho  work  is  being  performed. 
The  shifter  should  be  placed  near  the  driven  pulleys  so  as  to  operate 
each  of  the  belts  at  its  point  of  approach  to  its  pulley,  and  to  operate 
each  belt  separately.  The  shifter  must  also  be  operated  automatically 
by  the  to-and-fro  motion  of  the  bed  of  the  planer,  and  be  capable  of 
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adjustment  to  allow  for  the  variation  of  the  momentum  of  the  machine 
under  different  loads. 

In  Fig.  15,  A  and  B  are  the  two  loose  pulleys  of  the  driven  shaft, 
and  C  and  D  the  fixed  pulleys.  £  is  a  grooved  cam  rotating  about  J, 
and  having  two  roller  followers  F  and  G,  H  is  a  link  driven  to  and 
fro  by  a  tripping  device  attached  to  the  planer  bed.  L,  the  shifter-arm 
for  the  smaller  pulleys,  is  a  crank  rotated  by  the  follower  F  about  M 
ab  a  center.  In  a  similar  way,  the  crank  N  rotates  about  O.  The 
pivots  /,  3f  and  O  are  carried  on  a  plate  made  fast  to  the  planer  and 
not  shown  in  the  drawing.  The  portions  of  tne  cam  to  the  left  of  F 
and  to  the  right  of  G  are  arcs  of  circles  with  J  as  a  center,  and  there- 
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Fiff.  10.    Layout  of  Cam  Curve  for  Cam  In  Flff.  16. 

fore,  while  either  of  the  followers  is  traveling  through  these  arcs 
there  will  be  no  movement  of  the  shifter-arms.  The  throw  of  either 
of  the  arms  is  occasioned  by  its  follower  traversing  the  irregular  path 
between  F  and  G. 

Imagine  the  link  H  drawn  downwards.  The  cam  then  rotates 
towards  the  right  about  the  center  J.  The  follower  F  is  held  fixed  in 
Its  position  by  the  arc  of  the  cam  to  its  left,  and  therefore  the  shifter- 
arm  L  remains  stationary.  The  path  of  the  follower,  G,  however,  is 
through  the  irregular  part  of  the  cam  between  F  and  G,  which  causes 
it  to  rotate  about  0  as  a  center,  thereby  shifting  the  arm  N  from  the 
loose  pulley  B  to  the  fixed  one  D.  If  the  link  H  is  operated  in  the 
reverse  direction  to  that  imagined  above,  the  shifter-arm  L  will  then 
become  the  active  member,  and  the  shifter-arm  N  will  remain  inop- 
erative. 
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A  method  for  determining  the  Irregular  path  of  the  centers  of  the 
followers  F  and  G  is  shown  in  Fig.  16.  First  locate  the  points  M  and 
0  from  Fig.  15,  and  draw  the  circulars  arcs  P  and  Q,  the  paths  of  the 
centers  of  the  followers  F  and  G,  Then  draw  R  and  fi,  the  extreme 
positions  of  the  center  line  of  the  shifter-arm  L.  Make  angles  T  and 
U  equal  to  the  angle  formed  by  the  lines  R  and  8.  Divide  the  line 
through  V  W  into  six  parts  proportional  to  1,  3,  5,  5,  3,  1,  and  through 
the  points  of  division  draw  arcs  with  J  as  a  center.  Divide  VX  into 
six  equal  parts,  through  which  draw  radial  lines.  The  successive 
intersections  of  the  circular  arcs  and  the  radial  lines  determine  the 
paths  of  the  followers  F  and  G,  as  W  X.  Lines  drawn  tangent  to  suc- 
cessive positions  of  a  follower  along  the  line  WX  will  be  the  outline 
of  the  cam-slot  at  its  irregular  part. 

The  slot  Z,  Fig.  15,  permits  adjustment  of  the  link  as  called  for  in 
the  conditions  of  the  problem.  The  center  of  the  opening  for  the  belt 
In  the  shifter-arm  L  is  placed  nearer  to  the  center  line  of  the  shaft  to 
allow  for  the  angularity  of  the  cross  belt. 


CHAPTER  II. 


CAM  CURVES. 

When  the  curve  of  a  cam  is  not  determined  by  a  given  definite 
motion  of  the  follower,  and  the  condition  presented  to  the  designer  is 
simply  to  make  the  follower  move  through  a  given  distance  during  a 
given  angle  of  motion  of  the  cam-shaft,  the  ease  and  silence  with 
which  the  cam  works  depends  upon  the  character  of  curve  used  In 
laying  out  the  advance  and  return.  The  uniform  motion  curve,  the 
simplest  of  all  curves  to  lay  out,  is  a  hard-working  curve,  and  one  that 
cannot  be  run  at  any  great  speed  without  a  perceptible  shock  at  the 
beginning  and  end  of  the  stroke. 

Uniform  Motion  Curve. 

The  uniform  motion  curve  would  be  represented  in  a  diagram  by 
the  diagonal  of  the  rectangle  of  which  the  base  represents  the  angle 
of  motion,  and  the  altitude,  the  stroke  of  the  cam,  as  shown  by  the 
full  lines  in  Fig.  17.  However,  should  the  nature  of  the  design  de- 
mand a  uniform  motion  for  a  given  part  of  the  revolution  of  the  cam- 
shaft, the  shock  at  beginning  and  end  of  stroke  may  be  modified  by 
increasing  both  the  angle  of  motion  and  the  stroke,  and,  in  the  dla-. 
gram,  filling  in  arcs  of  circles  as  shown  by  the  dotted  lines  in  Fig.  17. 
The  amount  of  curvature  at  the  ends  of  stroke  is  dependent  upon  the 
amount  it  is  possible  to  increase  the  angle  of  motion,  and  the  centers 
of  the  arcs  are  determined  by  drawing  perpendiculars  to  X  7  as 
shown  in  Fig.  17.  It  will  be  noticed  that  the  uniform  motion  has  been 
maintained  for  the  original  angle,  the  modifications  at  the  ends  caus- 
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Ing  the  Increase  of  angle  of  motion  and  of  stroke,  the  rectangle  formed 
by  these  two  being  shown  by  dotted  lines.  Even  with  these  modifi- 
cations the  cam  is  still  apt  to  work  hard,  especially  if  the  angle  of 
motion  is  small. 

Harmonic  Motion  Curve. 

The  crank  or  harmonic  motion  curve  works  much  more  easily  than 
the  uniform  curve,  and  a  cam  laid  out  with  this  motion  may  be  run 
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Flff.  17.    UnUbrm  Motion  Curve. 

at  a  high  speed  without  much  shock  or  noise.  To  draw  a  diagram  of 
this  curve,  draw  a  semi-circle  having  a  diameter  equal  to  the  stroke 
of  the  cam,  and  divide  this  semi-circle  and  the  line  representing  the 
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Plff.  18.    Orank  or  Harmonic  Motion  Curve. 

angle  of  motion  into  the  same  number  of  equal  parts.  The  intersec- 
tion of  lines  drawn  from  these  divisions  will  give  points  on  the  curve. 
Fig.  18  shows  the  harmonic  curve  and  the  manner  in  which  it  is 
obtained. 

Gravity  Curve. 

Probably  the  easiest  working  cam  curve  is  the  one  known  as  the 
gravity  curve.  This  curve  has  a  constant  acceleration  or  retardation 
bearing  the  same  ratio  to  the  speed  as  the  acceleration  or  retardation 
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proiduced  by  gravity;  hence  its  name.  A  body  falling  from  rest  will 
pass  through  about  sixteen  feet  in  one  second  (more  accurately  16.09 
feet).  During  the  next  second  the  body  will  increase  its  velocity  by 
about  thirty-two  feet,  making  the  distance  covered  during  the  second 
second  forty-eight  feet;  during  each  succeeding  second  the  body  will 
gain  in  velocity  thirty-two  feet.  Using  sixteen  feet  as  a  unit  of 
measurement,  it  will  be  seen  that  a  body  would  travel  through  units 
1,  3,  5,  7,  9,  etc.,  during  successive  seconds  or  units  of  time.  To  apply 
this  motion  to  the  cam  curve,  we  might  divide  the  angle  of  motion  into 
a  given  number  of  equal  parts  and,  using  the  units  given  above,  we 
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Fl0. 10.    Oravlty  Motion  Curve. 

may  increase  the  velocity  to  a  given  maximum  and  then,  retarding 
with  the  same  ratio,  bring  the  follower  again  to  rest  at  the  other  end 
of  the  stroke.  In  the  diagram.  Fig.  19,  the  line  representing  the 
angle  of  motion  is  divided  into  eleven  equal  parts  which  necessitates 
eleven  divisions  on  the  line  representing  the  stroke  of  the,  cam.  If 
the  motion  for  the  first  part  of  the  stroke  is  to  have  a  constant  accelera- 
tion, as  referred  to  above,  the  distance  traversed  by  the  follower  dur- 
ing the  first  part  of  the  angle  of  motion  would  be  one  unit;  In  the 
second  part,  three  units;  in  the  third  part,  five  units,  and  so  on  until 
the  maximum  velocity  has  been  reached  which  would  be  during  the 

Total  distance  traversed 

since  beginning  of 

Motion. 
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16 
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36 
45 
52 
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60 
61 


sixth  part  of  the  angle  of  motion  when  the  follower  would  travel 
through  eleven  units  of  motion.  At  this  point  the  motion  would  begin 
to  be  retarded  by  a  constant  deduction  which  would  cause  the  follower 
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to  move  through  nine  units  during  the  seventh  interval  of  time,  seven 
units  during  the  eighth,  five  units  during  the  ninth,  three  units  during 
the  tenth,  and  one  unit  during  the  eleventh  and  last  interval.  The  sum 
of  these  units  is  sixty-one,  which  will  necessitate  dividing  the  line 
representing  the  stroke  of  the  cam  into  sixty-one  equal  parts  of  which 
the  first,  fourth,  ninth,  sixteenth,  twenty-fifth,  thirty-sixth,  forty-fifth, 
fifty-second,  fifty-seventh,  sixtieth,  and  sixty-first  will  be  used  for  deter- 
mining points  on  the  curve.  The  combination  of  the  table  given  and 
the  diagram  shown  in  Fig,  19  will  show  how  the  gravity  curve  may 
be  drawn. 

Approximation  of  Gravity  Curve. 

A  very  close  and  satisfactory  approximation  for  the  gravity  curve, 
and  one  that  entails  less  work  than  the  theoretical,  is  shown  in  Fig. 
20.  The  method  of  drawing  is  similar  to  the  one  used  for  the  har- 
monic motion,  excepting  that  an  ellipse  takes  the  place  of  the  semi- 
circle. It  can  be  seen  very  readily  that  the  ratio  of  the  major  and 
minor  axes  will  determine  the  character  of  the  cam  curve.    To  obtain 
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Flir«  so.    ▲pprozlmat*  Oravlty  Curve. 

a  curve  that  will  approximate  the  gravity  curve,  the  line  representing 
the  stroke  of  the  cam  should  be  used  as  the  minor  axis  and  the  ratio 
of  major  axis  to  minor  axis  should  be  1%  to  1  or  11  to  8.  Dividing  the 
semi-ellipse  and  line  of  angle  of  motion  into  the  same  number  of  equal 
parts,  and  projecting,  we  obtain  points  on  the  curve.  Fig.  21  is  given 
so  that  a  comparison  may  be  made  of  the  three  motions  given  above 
when  applied  to  the  same  cam. 

Laying  Out  Cams  for  Rapid  Motions. 
As  already  mentioned  in  Chapter  I,  we  may  consider  a  cam  mech- 
anism as  being  made  up  of  two  elements.  As  generally  constructed,  one 
element  is  a  revolving  plate,  cylinder,  cone  or  sphere,  and  the  other 
element  is  a  bar  or  a  roller  which  has  some  form  of  reciprocating  mo- 
tion. The  revolving  piece  is  usually  made  the  driver,  although  the 
mechanism  may  be  made  to  work  in  the  reverse  order.  The  shape  of  a 
cam  will  depend  upon  the  kind  of  motion  that  the  follower  is  re- 
quired to  have.    The  motion  of  cams  that  are  used  for  driving  parts  of 
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machinery  may  be,  as  we  have  already  seen,  one  of  three  kinds,  viz.: 

1.  Unifofm  motion,  in  which  the  follower  is  made  to  pass  over  equal 
spaces  in  equal  intervals  of  time. 

2.  Simple  harmonic  motion,  In  which  the  follower  is  accelerated  from 
rest  to  a  maximum  velocity  and  then  retarded  again  to  a  state  of  rest, 
following  the  harmonic  cycle. 

3.  Uniformly  accelerated  motion,  in  which  the  follower  is  accelerated 
from  rest  to  a  maximum  velocity  and  then  retarded  again  to  a  state 
of  rest,  the  acceleration  being  uniform,  as,  1  inch  per  second,  2  inches 
per  second,  etc. 

To  this  we  may  add  a  fourth  kind  frequently  met  with: 

4.  Intermittent  motion,  periods  of  motion  being  interrupted  by  pe- 
riods of  rest. 

In  slow-moving  machinery  it  may  not  be  important  whether  the 
follower  moves  with  uniform,  simple  harmonic,  or  uniformly  acceler- 
ated motion,  but  in  machines  where  the  cams  have  a  high  rotative 
speed,  and  the  follower  a  reciprocating  motion,  as  in  the  case  of  sewing 
machines  and  in  some  textile  machinery,  a  uniform  rate  of  motion  will 

DIAMETER  OF  POLLOWFR   1 
8TROKE   OF  CAM.    2 
ANGLE  OF   MOTION 


CRANK  OR   HARMONIC  QfiAVITY  CURVE  CAM. 

CURVE   CAM. 

MeteMntrv.If.r. 

Flff.  21.    Oomparlaon  between  the  Different  Oam  OonBtructlona. 

be  unsatisfactory  or  impossible.  The  reason  for  this  is  that  the  follower 
Is  Impelled  from  rest  to  its  maximum  velocity  instantly,  and  also 
brought  to  rest  from  a  maximum  velocity  Instantly.  This  gives  It 
a  sudden  jerk  at  each  end  of  the  motion,  which  is  very  trying  to  a 
machine  when  the  reversals  take  place  rapidly.  Cams  for  high  ro- 
tative speeds,  where  the  follower  has  a  reciprocating  motion,  should, 
therefore,  be  so  designed  that  the  follower  will  start  gradually,  attain 
its  maximum  speed  near  the  middle  of  its  path,  and  then  gradually 
come  to  rest.  In  other  words,  the  follower  should  have  a  uniformly 
accelerated  motion  during  the  first  half  of  its  movement,  and  a  uni- 
formly retarded  motion  during  the  last  half. 

In  uniformly  accelerated  motion  8=V2Pt',  where  8  =  the  distance 
passed  over,  P  =  the  acceleration,  and  t  =  the  time.  This  Is  the  same 
as  saying  that  the  distance  which  the  body  has  passed  over  at  the  end 
of  any  number  of  units  of  time  varies  as  the  square  of  the  number  of 
such  units.     For  example,  if  a  body  has  a  uniform  acceleration  of  2 
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inches  per  second,  8  =■  V2  X  (2)  X  (1)'  =  1  for  the  first  second;  ;S  = 
V2  X  (2)  X  (2)»  =  4  for  the  next  second;  and  so  on.  This  is,  as  said 
before,  also  the  law  of  falling  bodies  whose  motion  is  not  resisted  by 
the  air  or  other  medium.  Uniformly  retarded  motion  obeys  the  same 
law.  If  the  time  intervals  of  such  a  motion  be  plotted  as  abscissas  and 
the  corresponding  space  intervals  as  ordinates,  with  reference  to  co- 
ordinate axes,  the  resulting  curve  will  be  a  parabola,  and  this  is  the 
curve  that  should  be  used  for  the  outline  of  cams  that  are  designed 
for  high  rotative  speeds. 

Uniform  Motion  Cylinder  Cam. 
The  cams  shown  in  the.  following  cuts  do  not  necessarily  represent 
any  existing  forms;  they  simply  illustrate  how  the  principle  may  be 
applied  to  certain  shapes  of  cams  and  paths  of  followers.  In  Fig.  22, 
lay  out  on  a  sheet  of  paper  AB DC  b.  line  constructed  as  follows:  Bi- 
sect CD  at  3f  and  divide  CM  into  any  convenient  number  of  parts,  say 
five.  Lay  oflP  on  C  A  any  distance  ST,  and  divide  S  T  into  the  same 
number  of  parts  as  there  are  in  C  M.  Through  the  points  1,  2,  3,  etc., 
on  C  Mt  erect  perpendiculars  to  C  M\  and  through  the  points  li,  2i,  3i, 
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FlflT.  22.    Development  of  Uniform  Motion  Curve. 

etc.,  on  C  A,  draw  parallels  to  Clf  intersecting  the  perpendiculars  at 
points  I2,  2,,  82,  etc.  A  line  8  T^  drawn  through  these  intersections  will 
be  straight.  The  line  T^  8^  can  be  found  in  the  same  way.  Now  if  the 
sheet  of  paper  AB D  C  be  wrapped  around  the  outside  of  a  cylinder 
whose  circumference  is  equal  to  the  distance  C  D,  the  line  8  Ti  will 
take  the  position  iS  T,  Fig.  23,  and  the  line  T^S^  will  form  a  similar 
curve  on  the  reverse  side  of  the  cylinder.  If  this  curve  be  made  the 
center  line  of  a  groove,  as  the  cylinder  revolves  on  its  axis,  the  groove 
will  drive  a  follower  up  and  down,  parallel  to  the  elements  of.  the 
cylinder,  with  a  uniform  speed.  The  follower  will  start  and  stop  at 
either  end  of  its  motion  with  a  sudden  jerk. 

Uniformly  Accelerated  Motion  Cylinder  Cam. 
In  Fig.  25  let  AB D  C  represent  the  paper  as  before.  Bisect  C Af  at 
3,  and  S  T  at  9.  Divide  C3  and  3iTf  into  any  convenient  number  of 
parts,  say  three;  then  divide  8d  and  dT  Into  the  square  of  three  parts, 
or  9,  as  shown.  Erect  perpendiculars  to  CAf  at  the  points  1,  2,  3,  etc., 
and  draw  parallels  to  C  M  through  the  points  1,  4,  9,  4i,  and  l^.  Through 
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the  points  B  and  Tj  and  the  Intersections  Ij,  2i,  3i,  2\  and  I'l,  draw  a 
smooth  curve.  This  line  will  be  a  parabolic  curve,  reversing  at  Sj. 
The  curve  Ti  8^  is  constructed  in  the  same  way.  Now  wrap  the  sheet 
of  paper  AB  D  C  around  a  cylinder  whose  circumference  is  equal  to 
CD.  The  curve  will  take  the  position  B  Tu  Fig.  26,  and  the  curve  T^Bi 
will  take  a  similar  position  on  the  reverse  side  of  the  cylinder.  A 
groove  made  with  these  curves  as  center  lines  will  drive  a  follower  P 
up  and  down  through  the  distance  £*,  as  the  cylinder  is  rotated  on  its 
axis.  The  follower  will  start  gradually  at  8,  attain  its  maximum 
velocity,  and  then  come  gradually  to  rest  again  at  T^,  the  motion  being 
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Tig.  24.   Accelerated  Motion  or  Oravlty 
Curve  appUed  to  Plate  Cam. 


Flff.28.  Unllbrm  Motion  Curve 
Boxlbed  on  OyUndrioal  Surihce. 

uniformly  accelerated  and  retarded.    The  sides  of  the  groove  are  made 
parallel  to  8  Tj,  and  drawn  to  suit  the  diameter  of  follower  P. 

Fig.  27  shows  the  distortion  of  the  curve  8T  when  the  follower 
moves  in  the  arc  of  a  circle,  with  center  at  some  point  Q,  instead  of  in 
a  straight  line.  Points  on  the  new  curve  are  found  by  setting  oft  from 
the  intersections  &i,  d^,  etc.,  the  ordinates  ah  and  cd.  The  curve 
5  Oi  c,  T  is  then  made  the  center  line  of  a  groove  which  will  drive  the 
hinged  follower  with  the  same  variation  in  speed  attained  by  the  fol- 
lower in  Fig.  26. 
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Accelerated  Motion  Plate  Cam. 

Fig.  24  showB  how  the  parabolic  curve  is  applied  to  a  plate  cam. 

The  roller  follower  is  supposed  to  oscillate  between  P  and  Pi  as  the 

cam  rotates  about  0.    The  curve  P3^/  corresponds  to  8  Ti  in  Fig.  26, 

being  the  center  line  of  the  parabolic  groove  in  the  face  of  the  plate. 


^i      "a      >8       ^,     T;      ^  ~~      r"D 

Uaehtnery^.  Y- 
Flff.  fl5.    Develoj»ment  5f  nBlibrmly  AocelM«ted  Motion  Onrve. 

Only  one-half  of  the  cam  is  shown  in  the  figure.  Suppose  this  cam  is 
to  rotate  180  degrees,  while  the  follower  moves  from  P  to  Pj.  Draw 
the  base  circle  with  radius  0  P,  the  length  of  which  will  depend  upon 
the  size  of  the  cam.  Draw  OA  perpendicular  to  OP^  and  divide  the 
arc  subtended  by  P  0  A  into  any  convenient  number  of  parts,  say  three. 
Draw  radii  01,,  02„  etc.  Divide  PP^^  into  two  equal  parts  at  9,  and 
divide  P9  into  the  square  of  three  parts,  or  9,  as  shown.    With  0  as  a 
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Flff.  20.    TranafeninflT  Unllbrmly  Accelerated  Motion  Curve  to  Cylinder. 

center,  and  radius  01,  find  the  intersection  1,.  In  the  same  way  find 
the  other  intersections  2,,  3a,  etc.,  and  draw  a  smooth  curve  through 
these  points.    This  curve  has  the  same  relation  to  the  curve  of  uniform 
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motion  shown  dotted,  that  the  parabolic  curve  has  to  the  straight  line 
in  Fig.  25.  If  a  similar  curve  be  laid  out  on  the  other  side  of  PPi,  and 
made  the  center  line  of  a  groove,  then  the  follower  P  will  be  pushed  up 
and  down  mechanically  by  direct  contact.  If  a  curve  parallel  to  P3,Pi', 
and  drawn  at  a  distance  equal  to  the  radius  of  the  follower  away  from 
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Flff.  27.    Accelerated  Motion  Ourre,  when  Follower  movee  In  the 
Arc  of  a  Circle. 

it,  on  the  inside,  be  made  the  outline  of  the  cam,  ^hen  the  follower  will 
be  pushed  up  mechanically  to  Pj,  and  allowed  to  fall  by  Its  own  weight. 
It  will  remain  in  contact  with  the  cam  theoretically,  because  the  prin- 
ciple of  uniformly  accelerated  motion  is  the  same  as  that  of  a  falling 
body.    In  practice,  however,  the  friction  and  the  inertia  of  the  connected 


Fisr.  28.    Plate  Cam  for  Bar  FoUower. 

parts  would  probably  prevent  the  follower  from  remaining  in  contact 
with  the  cam  on  its  return  motion  if  the  oscillations  were  rapid. 

Fig.  29  shows  the  parabolic  cam  constructed  for  a  follower  which 
moves  in  any  curved  path.  The  construction  is  the  same  as  in  Fig.  24 
except  that  points  on  the  curve  are  located  on  radial  lines  Oai,  06i,  etc., 
offset  from  the  first  radii  by  the  distances  2ai  =  4a,  36i  =  9&,  and  so  on. 
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When  a  plate  cam  is  to  be  laid  out  to  drive  a  bar  follower  through 
a  certain  cycle  of  operations,  the  construction  is  more  complicated. 
The  base  circle  is  divided  as  in  the  previous  case  into  any  convenient 
number  of  parts,  and  the  square  of  the  number  of  such  parts  laid  out^ 
from  P  to  9  and  from  9  to  P„  Fig.  28.  If  the  bar  is  to  oscillate  about 
Q  as  a  center,  it  will  take  the  positions  Ql,  Q4,  Q9,  etc.,  as  the  radii 
01,  02,  03,  etc.,  come  to  the  position  OP,  The  intersections  1,  2,  3, 
and  so  on,  are  found  Just  the  same  as  in  the  previous  cases.  Now 
instead  of  drawing  the  curve  for  the  cam  outline  through  these  points, 
•  straight  lines  which  represent  the  edge  of  the  follower  must  be  drawn 
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Fig.  29.    Accelerated  Motion  Curve  applied  to  Plate  Cam,  with  Follower 
movlnir  alonsr  a  Curve. 

through  the  points  making  the  same  angle  with  a  given  radius  as  the 
follower  makes  with  OP  when  the  radius  in  question  is  in  the  position 
OP.  For  example,  angle  a  equals  angle  a^.  Now  the  cam  outline  is  a 
smooth  curve  drawn  tangent  to  these  straight  lines.  If  the  bar  fol- 
lower, instead  of  being  centered  at  Q,  moves  up  and  down  parallel  to 
Its  first  position,  then  all  these  angles  are  right  angles.  If  the  face  of 
the  bar  is  curved,  then  the  cam  outline  must  be  drawn  tangent  to  the 
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curves  after  they  have  been  properly  located  with  respect  to  their 
several  radii. 

In  drawing  cams  like  Fig.  28,  the  proper  relation  between  the  diam- 
eter of  the  base  circle  and  the  distance  PP^  must  be  assumed.  If  the 
base  circle  is  too  small,  the  cam  outline  will  not  be  tangent  to  the 
edge  of  the  follower  in  all  positions,  and  the  latter  will  not  have  uni- 
formly accelerated  and  retarded  motion.  There  is  a  rolling  and  sliding 
contact  between  the  cam  and  its  follower  in  the  case  of  Fig.  28.  The 
rolling  action  tends  to  carry  the  point  of  contact  outward  to  the  right 
of  OP,  during  the  upward  motion,  and  to*  bring  It  back  towards  OP 
during  the  downward  motion.  The  point  of  contact  x  does  not  neces- 
sarily occur  when  Ox^  is  perpendicular  to  Qx, 

Effect  of  Changrinsr  Location  of  Cam  Boiler. 

When  the  line  of  motion  of  a  follower  passes  through  the  center  of 
rotation  of  the  cam,  and  the  angle  of  the  curve  causes  it  to  work  hard, 
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Vig.  80.    Cam  RoUer  on  Center  Line  of  0am. 

the  curve  may  be  modified,  and  the  same  motion  of  follower  obtained 
by  placing  the  follower  with  its  line  of  action  parallel  to  its  original 
position  and  not  passing  through  the  center  of  the  cam.  A  condition 
may  be  assumed,  as  shown  in  Fig.  30. 

Here  we  have  a  cam,  rotating  in  the  direction  indicated  by  the  arrow 
A,  whose  duty  it  is  to  move  the  follower  %  inch  in  the  direction  indi- 
cated by  the  arrow  B  during  a  30-degree  angle  of  motion  of  the  cam- 
shaft. The  angle  of  the  cam  as  presented  to  the  follower  at  the  begin- 
ning of  the  stroke  would  be  35  degrees,  as  determined  by  the  tangent 
to  the  curve  of  the  centers,  as  indicated  on  the  drawing.  After  the 
follower  had  moved  one-third  of  its  distance,  the  angle  presented  would 
be  32  degrees,  and  when  two-thirds  of  the  travel  had  been  made,  the 
angle  of  the  curve  would  be  about  30  degrees.  The  angles  given  are 
for  a  curve  which  would  give  a  uniform  motion  to  the  follower.  Should 
the  cam  curve  work  hard  at  the  required  speed  we  would  naturally 
make  the  cam  of  greater  diameter,  if  possible,  which  would  reduce  the 
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angle  of  the  cam,  as  shown  by  the  difference  in  the  angles  presented 
in  Fig.  30,  as  we  go  out  from  the  center  of  rotation.  The  design  of  the 
machine,  however,  might  make  this  change  impossible.  If  it  was 
simply  necessary  to  get  the  follower  from  the  position  shown  to  a 
point  %  inch  distant  in  a  30-degree  movement  of  the  camshaft,  with- 
out regard  to  its  motion,  a  harmonic  or  gravity  curve  might  be  used 
which  would  cause  the  cam  to  work  easier.  However,  this  would  be 
impossible  should  our  design  require  a  uniform,  or  some  other  equally 
hard  motion.  A  third  way  in  which  the  angle  of  the  curve  might  be 
decreased  would  be  to  make  the  angle  of  motion  of  the  camshaft 
greater.  This,  too,  might  be  made  in^possible  by  the  limitations  of 
our  design. 

Another  way,  and  one  not  conmionly  used,  consists  in  changing  the 
location  of  the  cam  roller.    In  Fig.  31  all  conditions  are  the  same  as 
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Flg^.  81.    Cam  RoUer  placed  above  Center  Line  of  Cam. 

in  Fig.  30,  except  the  roller  has  been  placed  %  inch  above  the  line 
passing  through  the  center  of  the  cam.  The  center  of  the  roller  will 
now  pass  along  the  line  L  M,  or  parallel  to  the  line  of  motion  in  Fig. 
30.  The  angle  of  the  curve  presented  to  the  roller  in  this  case  is  26 
degrees,  much  less  than  the  angle  presented  in  Fig.  30,  and  the  angle 
decreases  as  the  roller  moves  away  from  the  center  of  rotation.  The 
advantage  that  may  be  gained  by  moving  the  cam  roller  may  be  readily 
seen  by  comparing  the  results  given  above.  There  is,  of  course,  a 
limit  to  the  distance  the  roller  may  be  changed,  for  if  placed  too  far 
away  from  the  center  line,  the  thrust  in  the  direction  at  right  angles 
to  the  direction  of  motion  of  the  follower  would  be  so  great  as  to  offset 
the  advantage  gained. 

Even  without  the  aid  of  an  illustration  it  may  be  seen  that  to  place 
the  cam  roller  on  the  other  side  of  the  center  would  cause  the  angle 
of  the  cam  curve  to  increase,  thus  making  conditions  worse.  The  offset 
of  the  roller  should  be  in  the  direction  opposed  to  the  direction  of 
motion  of  the  cam. 
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NOTES  ON  CAM  DESIGN  AND  CAM  CUTTING. 

It  is  strange  that  the  processes  and  methods  of  cam  cutting  have 
not  been  improved  more  rapidly  than  they  have.  Twenty-five  years 
ago,  cams  and  gears  were  on  about  an  equal  footing;  that  is  to  say, 
most  of  both  were  cast  to  as  nearly  the  proper  shape  as  possible,  after 
which  the  working  surfaces  or  teeth  were  smoothed  up  with  a  file,  and 
then  the  holes  and  hubs  were  finished  in  the  usual  manner.  Some 
cams  of  both  plate  and  barrel  forms  were  cut,  with  suitable  attach- 
ments, in  the  same  machine  the  gears  were  cut  in.  This  was  an  old 
hand  indexing  machine,  with  an  automatic  feed  composed  of  a  weight 
hung  on  the  pilot  wheel.  Since  that  time  gear  cutting- machinery  has 
been  wonderfully  developed.  All  sorts  of  styles  and  arrangements  are 
on  the  market,  meeting  every  demand,  from  that  for  a  general  purpose 
machine  to  highly  specialized  forms.  When  it  comes  to  cam  cutting 
machinery,  however,  while  machinery  builders  have  special  tools  for 
their  own  work,  so  far  as  the  writer  is  aware,  there  is  no  tool  regu- 
larly on  the  market  for  cutting  cams.  The  cam  has  thus  fallen  behind 
the  gear  in  the  process  of  development.  Machine  designers  and  ma- 
chine users  are  liable  to  be  a  little  suspicious  of  cams,  anyway.  Con- 
siderable trouble  is  often  taken  to  avoid  the  necessity  for  using  them. 
This  is  due,  however,  as  much  to  faulty  design  and  faulty  construction 
as  to  any  Jnherent  objections  to  this  form  of  mechanical  movement 
It  is  here  proposed  to  call  attention  to  some  of  the  points  to  be  con- 
sidered in  designing  and  producing  satisfactory  cams,  with  the  thought 
of  thereby  doing  something  to  justify  a  more  extensive  use  of  them. 

Faults  in  the  Desig-n  of  Cams. 
We  have  all  seen  cams  that  were  the  cause  of  a  good  deal  of  pro- 
fanity, in  which  the  trouble  could  be  traced  to  the  designer  or  machin- 
ist, who  laid  out  the  curves  on  what  might  be  termed  "schedule  time"; 
that  Is  to  say,  he  simply  made  sure  of  his  starting  and  stopping  points, 
neglecting  all  Intermediate  points  so  long  as  the  movement  got  there 
and  got  back  on  time.  This,  he  thought,  would  be  all  that  was  neces- 
sary, not  taking  into  accqunt  the  chock  and  jar  caused  by  the  sudden 
starting  and  stopping  of  heavy  slides,  le^\^R*s,  etc.,  at  even  moderate 
speeds.  The  temptation  to  do  this  is  always  strong,  especially  in  the 
case  of  barrel  cams,  where  It  is  so  much  easier  to  use  the  milling  ma- 
chine (gearing  it  up  for  a  spiral  to  meet  the  schedule  requirements) 
than  It  would  be  to  lay  out  and  form  a  curve  with  a  gradual  starting 
of  the  motion  and  a  gradual  stopping.  There  is  nothing  worse  for  the 
life  of  a  machine  than  to  have  it  operated  by  cams  cut  by  this  "sched- 
ule" method.  Another  point  to  consider  is  that  of  taking  advantage 
of  all  the  time  there  Is  for  any  given  movement.  The  period  or  periods 
of  rest  should  be  cut  down  to  the  last  degree,  so  as  to  have  the  angu- 
larity of  the  rise  as  small  as  possible.     Careful  work  at  the  drawing- 
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board  will  make  a  big  difference  with  the  satisfactory  action  of  cams 
in  these  two  respects.  Still  another  bad  practice,  which  has  perhaps 
tended  to  throw  the  use  of  cams  into  disfavor,  is  that  of  making  them 
in  two  or  more  parts,  with  the  idea  of  having  the  working  surfaces 
adjustable.  After  they  have  been  wedged  out,  or  shimmed  up,  or 
ground  oft  a  few  times,  a  more  proper  name  for  them  would  be  "bump- 
ers" rather  than  "cams."  Except  in  rare  cases,  there  is  no  more  use  or 
excuse  for  adjustable  cams  than  for  adjustable  gears,  as  there  are 
other  and  better  means  of  making  adjustments  when  these  are  neces- 
sary. Cams  are  not  very  expensive  as  compared  with  gears,  and  they 
can  be  duplicated  with  greater  accuracy  than  most  machine  parts. 
Especially  is  this  the  case  if  roughing  and  finishing  mills  are  used  in 
forming  them,  as  the  finishing  mill  will  retain  its  cutting  edge  and  size 
for  a  great  number  of  cams,  if  it  runs  true  with  the  spindle  in  the  first 

place. 

Cam  Bolls  and  Boll  Studs. 

A  few  words  might  be  said  with  relation  to  the  design  and  construc- 
tion of  cam  rolls  and  the  studs  for  them,  since  the  successful  working 
of  a  cam  depends  to  a  considerable  degree  on  this  matter.  The  design 
of  the  roll  and  its  stud  should  be  such  that  the  work  it  has  to  do,  the 
speed  at  which  it  runs,  and  the  bearing  area  on  the  stud,  should  be 
the  factors  determining  its  size,  rather  than  the  simple  fact  that  there 
is  a  milling  cutter  in  the  tool-room  of  a  certain  diameter.  It  is  equally 
important  that  the  roll  and  stud  should  be  ground  all  over  after  hard- 
ening. The  end  of  the  roll  should  also  be  cut  back  for  l/64th  of  an 
inch  or  so  on  the  sides  for  some  distance  from  the  outside  diameter,  so 
as  to  avoid  undue  friction  against  the  collar  of  the  stud,  or  the  part  it 
is  fast  in.  On  account  of  the  warping  that  takes  place  in  hardening, 
rolls  that  are  not  ground  inside  and  out  have  a  habit  of  stopping  fre- 
quently under  load,  until  in  time  flat  spots  are  worn  on  the  face;  then 
the  working  surface  of  the  cam  will  begin  to  wear  or  rough  up.  Roll 
studs  that  are  the  slightest  degree  out  of  parallel  to  the  working  sur- 
face of  the  cam  will  also  cause  some  trouble,  but  no  amount  of  grind- 
ing will  help  this  case.  The  same  trouble  occurs  on  barrel  cams  if 
the  milling  cutter  is  set  above  or  below  the  center  of  the  cam  when 
cutting  it.  The  roll  will  then  bear  at  one  end  only  at  the  most  impor- 
tant time,  when  the  throw  takes  place.  A  conical  roll  is  the  proper 
thing  for  this  style  of  cam.  There  is  a  lot  of  end  pressure  to  a  roll  of 
this  type,  however,  which  must  be  taken  care  of  by  thrust  collars  on 
the  stud;  or,  better  still,  a  ball  race  may  be  scored  in  the  collar 
and  the  large  end  of  the  roll,  so  as  to  provide  for  a  ball  thrust  bearing. 
This  end  pressure  will  reduce  the  side  pressure  on  the  stud  to  quite 
an  extent,  nevertheless,  so  the  latter  may  be  made  slightly  shorter  or 
smaller  in  diameter  than  when  a  parallel  roll  is  used. 

Cuttlner  Cams  of  Uniform  Lead  in  the  Miller. 

When  it  comes  to  the  cutting  of  cams,  the  shop  man  naturally  turns 
to  the  milling  machine.  Many  manufacturers  of  milling  machines 
make  attachments  which  may  be  used  for  cutting  cams  with  formers. 
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None,  however,  is  provided  with  anything  except  hand  feed.  Another, 
and  the  greatest,  objection  to  them  is  that  if  there  is  much  work  to 
be  done,  one  of  the  most  expensive  machines  in  the  shop  is  tied  up, 
and  there  are  few  shops  that  have  a  surplus  of  this  brand  of  machine 
tools.  For  an  occasional  or  an  experimental  Job,  however,  there  is 
nothing  better  than  the  milling  machine.  As  has  been  before  remarked, 
curves  with  easy  starting  and  stopping  movements  cannot  be  cut 
without  formers  on  it,  or  on  any  other  n^achine  for  that  matter;  but 
cams  which  require  a  constant  rise,  such  as  the  feed  cams  of  some 
machines,  may  be  cut  on  it  without  the  use  of  formers.    With  barrel 
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Fiff.  82.    Outtinr  a  Face  0am  of  Uniform  Rate  of  Tbrow. 

cams  the  method  is  obvious,  it  only  being  necessary  to  gear  the  spiral 
head  with  the  lead  screw  to  get  the  required  lead,  and  then  cut  a 
groove  of  this  pitch  in  the  body  with  an  end  mill  of  the  same  diameter 
as  the  roll. 

For  cutting  plate  cams  for  the  same  kind  of  motion,  the  arrange- 
ment shown  in  Fig.  32  may  be  used,  if  the  machine  happens  to  have  a 
vertical  spindle  milling  attachment  and  a  spiral  head.  All  that  it  is 
necessary  to  provide  in  addition  is  the  extension  shaft  shown,  and 
the  special  bearing  or  bracket  for  supporting  it.  These  parts  are  used 
to  bring  the  spiral  head  to  the  center  of  the  table.  The  shaft  is  bored 
out  at  one  end  to  fit  the  stud  of  the  spiral  head  (called  the  worm  gear 
stud  in  the  tables) ;  the  other  is  turned  and  keyed  to  fit  the  change 


Digitized  by 


Google 


NOTES  VN  CAMS 


31 


gears.  The  cams  may  be  held  in  the  regular  chuck,  or  on  a  face-plate 
fitted  to  the  head.  Small  ones  may  be  held  on  an  arbor  fitted  to  the 
spindle,  with  large  collars  to  hold  them  firmly,  clamped  with  a  nut 
and  washer,  or  by  an  expansion  bushing  in  the  case  of  large  holes. 
If  they  have  key- ways  In  them,  and  more  than  one  or  two  are  to  be 
made,  it  will  be  well  to  fit  a  key  in  the  arbor  to  help  locate  them.  It 
is  necessary  to  set  the  mill  central  with  the  spiral  head  to  obtain  cor- 
rect results,  as  the  spiral  will  vary  if  this  is  not  done.  Advantage  may 
sometimes  be  taken  of  this  when,  with  the  regular  change  gears,  there 
is  no  spiral  of  the  exact  pitch  required,  in  which  case  the  desired  rise 
can  be  obtained  by  setting  the  head  ofC  center.  This,  however,  will 
not  give  a  uniform  spiral,  as  the  pitch  will  keep  increasing  as  it  leaves 
the  center  of  the  cam.     As  cam  drawings  are  generally  laid  out  or 
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Piff.  33.    InexpenBive  Fiztare  fbr  MUUng^  Plate  Oams  to  MaAota  a  Former. 

divided  In  degrees.  It  will  be  found  convenient  to  divide  the  cam  blank 
by  the  same  method,  while  held  in  the  spiral  head.  To  do  this,  we 
may  revolve  the  index  crank  through  two  holes  in  the  18  circle  or 
three  holes  in  the  27  circle,  as  many  times  as  are  necessary,  each  of 
these  divisions  giving  exactly  one  degree. 

A  Milling  Machine  Attachment  for  Cutting  Cams  with  a  Former. 

An  example  of  attachments  rigged  up  to  suit  special  requirements  is 
shown  in  the  cuts  Figs.  33  and  34.  To  a  shop  with  a  rather  limited 
equipment,  an  order  came  in  for  a  lot  of  eight  machines,  which  required 
seven  cams  each,  most  of  which  were  of  the  plate  type.  As  this  class 
of  work  was  new  to  the  shop,  there  were  no  facilities  for  this  part  of 
the  Job;  as  usual,  it  was  decided  to  do  the  work  on  the  milling  ma- 
chine. 

An  old  planer  vise  was  scraped  up  and  refitted  so  as  to  have  the 
movable  Jaw  a  nice  sliding  fit — the  screw  having  been  removed,  of 
course.  To  this  Jaw  was  fitted  and  bolted  the  spiral  head  of  the  miller, 
in  such  a  way  that  its  spindle  could  be  placed  either  at  right  angles 
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or  parallel  to  the  cutter,  as  the  case  required  for  barrel  or  plate  cams. 
An  arbor  was  made,  long  enough  to  pass  through  the  head,  carrying 
the  former  on  the  back  end  and  the  cam  blank  on  the  front  end.  A 
nut  threaded  onto  the  back  end  held  the  former  against  the  end  of  the 
spindle,  so  there  was  no  danger  of  the  arbors  rattling  loose,  no  matter 
how  badly  the  work  and  tool  chattered. 

For  plate  cams,  as  shown  in  Fig.  33,  the  former  was  made  the  oppo- 
site hand  to  that  of  the  cam  required.  The  overhanging  arm  had  a 
center  line  marked  on  it  as  shown,  which  was  matched  with  one  on 
the  frame  so  as  to  locate  the  arbor  support  central  with  the  spindle. 
In  the  place  of  the  arbor  supporting  center  there  was  fitted  a  stud 
with  a  roller  of  the  same  diameter  as  the  cutter.  The  arm  was  held 
securely  by  the  regular  milling  machine  braces,  which  are  not  shown 
in  the  cut.    The  method  of  operation  is  obvious.    The  spiral  head  with 
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Fig.  84.    OattiQff  a  OyUndrlcal  Cam  with  the  K\g  abown  in  Flir-  33* 


its  attached  work  and  former  was  revolved,  slowly,  by  hand.  The 
action  of  the  roll,  held  by  the  overhanging  arm  in  the  groove  of  the 
former,  caused  the  head  and  work  to  slide  back  and  forth  on  the  ways 
of  the  planer  vise,  giving  the  proper  movement  between  the  work  and 
the  cutter  to  produce  the  desired  contour  of  cam.  The  table  was  locked 
on  the  saddle. 

For  barrel  cams,  the  attachment  was  rearranged  as  shown  in  Fig.  34. 
The  former  roller  ^^as  held  firmly  in  a  bracket  bolted  to  the  table  of 
the  machine.  As  the  roller  is  on  the  opposite  side  of  the  milling 
cutter,  the  former  and  work  are  set  180  degrees  apart  on  the  work 
arbor,  otherwise  they  are  aUke.  The  head  is  relocated  on  the  movable 
vise  jaw  to  bring  the  axis  of  its  spindle  at  right  angles  to  the  axis  of 
the  cutter,  as  shown.  The  reader  will  easily  make  out  the  other 
details  from  the  cut. 

Both  of  these  rigs  cut  good  cams,  considering  that  the  first  cost  of 
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the  whole  outfit  was  very  little.  As  the  formers  were  made  accu- 
rately to  drawing,  the  cams  gave  good  satisfaction  at  fairly  high  speeds, 
but  the  device  had  the  disadvantage  of  tying  up  a  machine  which 
had  plenty  of  work  waiting  for  it;  besides,  it  was  a  tedious  job  to  feed 
the  index  crank  by  hand  all  day  long,  especially  when  working  on 
steel  cams.  For  these  reasons,  when  a  duplicate  order  came  in,  a  few 
weeks  later,  it  was  considered  best  to  try  the  plan  of  cutting  the  plate 
cams  on  an  old  lathe,  thus  providing  the  advantage  of  an  automatic 
feed,  and  relieving  the  miller  of  some  of  its  work  as  well. 

A  Face  Cam  Cutting  Attachment  for  the  Lathe. 
A  lathe  cam  cutting  attachment  is  shown  in  Fig.  35.  While  not  new 
in  principle,  it  differs  somewhat  from  the  other  makeshifts  described. 
For  this  rigging,  the  tool  slide  was  removed  from  the  machine  and 
replaced  with  the  bracket  casting  shown.  This  was  fitted  and  gibbed 
to  the  tool-rest  slide,  and  had  its  spindle  bored  and  sides  faced  with  a 
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Fig.  86.    Attachment  with  Power  Feed  for  CuttlDflr  Face  Cams. 

boring  bar  on  the  lathe  centers.  To  the  bracket  was  then  fitted  the 
cam  face-plate  and  spindle,  cast  in  one  piece  and  finished  all  over, 
with  the  back  or  small  end  threaded  to  fit  the  former.  Keyed  to  this 
spindle  was  a  worm-gear  of  cast  iron.  In  this  case  the  worm-gear  had 
S2  teeth.  Meshing  with  this  gear  was  a  worm  having  9/16  inch  hole, 
and  with  a  key  having  a  sliding  fit  in  the  worm  shaft.  Bearings  were 
provided  for  the  worm  shaft  at  front  and  back.  The  front  support  for 
the  worm  shaft  was  cast  onto  the  bracket,  and  finished  with  it  to  fit 
the  tool-rest  slide,  after  which  it  was  sawed  off  and  fastened  at  the 
front  of  the  carriage  by  the  gib  screw,  as  shown.  This  is  the  same 
practice  as  is  commonly  followed  in  making  the  clamp  for  the  thread- 
ing stop  on  the  cross  slide.  To  the  outer  end  of  the  worm  shaft  was 
keyed  a  gear,  meshing  with  another  fitted  and  keyed  to  the  front  end 
of  the  cross  feed  screw  next  to  the  handle.  The  quill  was  cut  off  to 
make  room  for  it.    The  cross  feed  nut  was  removed  entirely,  of  course. 
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It  will  be  seen  that  this  arrangement,  while  having  the  general  fea- 
tures of  that  shown  in  Fig.  33,  provides  the  advantage  of  making  use  of 
a  less  costly  and  less  over-worked  machine,  and  allowed  the  use  of  a 
power  feed  as  well,  since  the  gearing  provided  for  connection  with  the 
power  cross  feed  in  the  apron.  This  gave  a  feed  fine  enough  for  small 
cams,  but  on  large  ones  It  was  necessary  to  run  the  feed  belt  from  the 
feed  shaft  cone  to  the  hub  of  the  large  Intermediate  gear  of  the  screw- 
cutting  train,  this  being  in  mesh  with  the  spindle  gear.  The  lead  screw 
was  removed  so  as  not  to  Interfere  with  the  belt.  With  regular  changes 
this  gave  a  wide  range  of  feeds. 

The  cams  and  formers  were  held  to  their  respective  face-plates  by 
bolts.  All  the  formers  were  of  the  positive  follower  type  having  a 
groove  for  the  guiding  of  the  roller.  No  weight  or  other  means  Is  then 
required  for  the  followers  to  hold  them  to  their  work. 


CHAPTER  IV. 


SUGGESTIONS  IN  CAM  MAKING. 

In  the  present  chapter  are  collected  a  number  of  suggestions  for 
the  laying  out  and  making  of  cams,  together  with  a  discussion  on  the 
shape  of  cam  rollers  for  cylinder  cams.  These  suggestions  have  been 
contributed  from  time  to  time  to  the  columns  of  Maghinebt.     The 


Mttehineni,N,T, 

DEVELOPMENT  AT  CIRCUMFERENCE 


Master  Cam  and  its  Development. 


names  of  the  persons  who  originally  contributed  the  matter  here 
selected,  have  been  given  In  notes  at  the  foot  of  the  pages,  together 
with  the  month  and  year  when  their  contribution  appeared. 

Making  Master  Cams. 

The  method  of  originating  cylindrical  master  cams,  which  is  de- 
scribed In  the  following  paragraphs,  has  been  used  successfully  in  a 
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shop  where  considerable  of  this  work  Is  done.  A  development  of  the 
cam  at  the  surface  of  the  cylinder  Is  provided  by  the  draftsman.  If 
the  cam  Is  smaller  than  2%*  or  3  Inches  diameter,  or  has  unusually 
steep  pitches  In  Its  make-up,  the  development  had  best  be  laid  out 
for  a  diameter  two  or  three  times  larger  than  that  of  the  desired  cam. 
Suppose  It  is  desired  to  make  a  master  for  the  cam  shown  in  Fig. 
36.  The  first  step  Is  to  make  a  template  to  match  the  development 
shown  in  the  drawing.  This  template  may  be  made  of  mild  steel,  of 
a  thickness  depending  upon  the  diameter  to  which  it  is  to  be  bent,  as 


Machin^ru}l 
Pig.  87.    T«mpl«t  fbr  MaUnff  Master  Cam  In  Fig.  86. 

described  later.  It  may  be  fitted  to  the  drawing  with  cold  chisel  and 
file,  or,  if  considerable  accuracy  is  desired  in  the  throw,  the  template 
may  be  held  in  the  milling  machine  vise,  and  the  straight  surfaces 
finished  to  the  graduations.  This  template,  shown  in  Fig.  37,  is  made 
for  one  side  of  the  cam  groove  only. 

The  next  step  is  to  turn  up  a  piece  of  steel  or  cast  iron,  as  shown 
at  B,  Fig.  38,  to  such  %  diameter  that  when  the  template  A  is  wrapped 
around  it,  as  shown,  tue  ends  will  Just  barely  meet.  This  diameter  is 
about  the  thickness  of  the  plate  less  than  the  diameter  to  which  the 
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Machinery, N.T, 
Fiff.  38.    Templet  Secured  on  Mandrel  for  Making  Former. 

development  was  laid  out,  but  it  had  best  be  left  a  little  larger  and 
then  fitted.  The  plate  is  now  clasped  around  the  body,  with  the  back 
edge  pushed  close  up  against  the  shoulder  to  Insure  proper  alignment 
of  the  working  surface  of  the  cam.  If  any  difficulty  is  experienced  in 
this  wrapping  process,  a  circular  strap  may  be  bent  up  with  projecting 
ends  as  shown  in  dotted  lines  at  C;  with  the  aid  of  a  clamp  D  the 
t'emplate  may  be  stretched  around  smoothly.  The  template  and  the 
body  may  now  be  drilled  and  tapped  for  screws,  as  shown,  and  for 
dowels  as  well,  if  found  necessary. 
Scribe  the  contour  of  the  cam  onto  the  body  B,  remove  the  template. 
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place  the  body  on  an  arbor  between  the  index  centers  of  the  milling 
machine,  and  take  away  the  stock  for  about  ^  inch  deep,  or  so,  1/16 
Inch  back  of  the  scribed  line.  This,  as  shown  in  Fig.  38,  is  for  the 
purpose  of  providing  a  clearance  underneath  the  working  edge  of  the 
template.  The  template  may  now  be  placed  In  position  on  the  body 
once  more,  and  fastened  there.  The  rig  Is  now  ready  for  use  as  a 
former  for  making  a  master  cam. 

Fig.  39  shows  a  milling  machine  arranged  for  cam  cutting.  ^  Is  a 
casting  made  to  grip  the  finished  face  of  the  column,  and  carrying  an 
adjustable  block  F.  Cam  roll  G  is  pivoted  on  a  post  which  is  adjust- 
able in  and  out  in  block  F,  Our  former  H,  and  master  cam  blank  /, 
are  mounted,  as  shown,  on  an  arbor  between  the  index  centers.  By 
working  the  index  worm  crank,  and  the  longitudinal  feed  together, 
roll  O  may  be  made  to  follow  the  outline  of  former  H  in  such  a  man- 
ner that  the  end  mill  will  cut  the  desired  groove  in  cam  blank  Z.  A 
slightly  smaller  mill  may  be  used  for  a  roughing  cut,  but  it  goes  with- 
out saying  that  the  roll  and  the  finishing  mill  must  be  of  about  the 


Fig.  39.    Arrangement  of  Milling  Machine  when  Using  the  Former. 

same  size  if  a  true  copy  of  the  templet  is  desired.  It  will  be  found 
easier  to  follow  the  outline  with  the  roll  if  the  steeper  curves  are 
traced  down  rather  than  up. 

A  fairly  good  cam-cutting  machine  for  making  copies  of  the  master 
cam  I  may  be  Improvised  by  using  the  attachment  J57,  F,  G  in  a  rack 
feed  machine.  It  might  also  be  feasible  to  connect  the  index  worm 
with  the  telescopic  feed  shaft  so  as  to  give  a  power  feed  to  the  con- 
trivance. To  insure  accurate  cams,  the  arrangement  for  holding  the 
tool  must  be  made  stiff  enough  to  move  the  table  without  much 
spring,  or  the  table  must  be  weighed,  so  as  to  bring  the  pressure  of 
the  roll  constantly  against  one  face  of  the  master  cam.* 

Simple  Method  for  Cutting  Cams  Accurately. 
Cams  are  generally  laid  out  with  dividers,  machined  and  filed  to  the 
.  line.     But  for  a  cam   that  must  advance  a  certain  number  of  thou- 
sandths per  revolution  of  spindle  this  divider  method  is  not  accurate. 
Cams  are  easily  and  arcuratoly  made  in  the  following  manner.     For 
niustraMon.  lotus  make  tlip  heart  cam  in  Fig.  40.     The  throw  of  this 
•  n.   !•:.   Flanders.  July,   \{n\'\.' 
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cam  Is  1.1  inch.  Now,  by  setting  the  index  on  the  miller  to  cut  200 
teeth  and  also  dividing  1.1  inch  by  100  we  find  that  we  have  0.011 
inch  to  recede  from  the  cam  center  for  each  cut  across  the  cam. 
Placing  the  cam  securely  on  an  arbor,  and  the  latter  between  the 
centers  of  the  milling  machine,  and  using  a  convex  cutter,  set  the 
proper  distance  from  the  center  of  the  arbor,  we  make  the  first  cut 
across  the  cam.  Then,  by  lowering  the  milling  machine  knee  0.011 
inch  and  turning  the  index  pin  the  proper  number  of  holes  on  the 
index  plate,  we  take  the  next  cut  and  so  on.     Each  cut  should  be 


Flir.40.   MeChodof  Onttlaff  0»ms. 

marked  on  paper  so  that  there  will  be  no  mistake  as  to  number  of 
cuts  taken;  when  100  cuts  have  been  made  the  knee  must  be  raised  in 
order  to  complete  the  opposite  side  of  the  cam.* 

Device  for  Laying  Out  the  Cams  of  a  Gam- Actuated  Press. 

The  cams  which  actuate  the  cutting  or  drawing  slide  of  a  double 
acting  cam-press  are  different  from  other  cams,  inasmuch  as  each  one 
actuates  two  rollers  which  are  a  certain  fixed  distance  apart  from 
each  other.  In  order  to  avoid  back-lash  or  springing  of  the  connecting- 
rods,  a  fault  which  is  to  be  found  in  most  cam  presses,  it  is  evident 
that  the  rollers  must  both  touch  the  face  of  the  cam  at  all  times.  In 
Fig.  42  is  shown  the  ordinary  method  of  laying  out  such  cams;  this 
cut  also  shows  the  fact  that  this  ordinary  method  does  not  accomplish 
the  end  desired.  We  see  that  in  this  cam  both  curves  which  give  to 
the  slide  its  up  and  down  motion  are  constructed  with  the  same  radii 
which  clearly  must  give  a  curve  that  is  faulty  at  certain  points.  The 
one  main  feature  that  our  cam  must  possess  can  be  expressed  as  fol- 
lows: Two  rollers  of  equal  diameters,  which  are  a  certain  fixed  dis 
tance  (A  in  Fig.  42)  apart,  on  a  line  passing  through  center  of  cam 
must  always  tangent  the  cam  while  the  cam   makes  Its  revolution. 

•  F.  E.  Shailor,  March,  1907. 
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Turning  to  Fig.  42,  we  see  that  the  curve  which  spans  angle  C  and 
the  dotted  curve  which  spans  angle  D  accomplish  this  object.  A  little 
reflection  will  convince  that  such  a  curve  cannot  be  constructed  abso- 
lutely correct  by  giving  the  radii  for  both  the  up  stroke  and  down 
stroke  curve,  owing  to  the  fact  that  the  shape  of  one  Is  entirely  depen- 
dent on  the  shape  of  the  other. 

We  can,  however,  give  the  radii  for  one  curve  and  construct  the 
other  curve  from  It  by  aid  of  the  following  device.  It  is  assumed 
that  in  most  cases  it  will  be  economical  to  cut  a  master-cam,  and  use 
this  for  cutting  the  others.  However,  where  only  a  few  cams  are  to 
be  cut,  it  will  be  well  to  construct  one  with  the  aid  of  our  device,  and 
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Plff.  41.    Device  for  Laying  Out  CAxns  for  Oam-AotoAted  Preaa  Oorreotly. 

use  this  one  as  a  templet  for  the  others.  Fig.  41  shows  the  device 
mentioned.  First,  cut  the  two  arcs,  A  B  and  D  C,  which  of  course  are 
perfect  circular  arcs  of  given  radii,  and  also  cut  the  curve  AD  from 
given  radii.  Then  place  center  plug  L  into  center  hole  of  cam  and 
fasten  bar  F  onto  L.  Bar  ^  has  two  rollers,  R  and  H,  fastened  In 
such  a  way  that  their  center  distance  Is  equal  to  the  center  distance 
of  the  cam  rollers  in  the  cam  press  in  which  the  cams  are  to  be  used. 
The  rollers  R  and  H  have  the  same  diameter  as  the  cam  rollers  in 
the  press.  We  now  keep  the  roller  R  against  the  cam  along  the  curve 
AD  and  follow  this  curve  along  its  entire  length.  Center  plug  L  will 
always  keep  the  line  connecting  R  and  H  in  the  center  of  the  cam, 
and  Blot  8  enables  us  to  follow  the  curvature  of  AD,    By  scratching 
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the  outline  of  roller  H  on  the  cam  blank  at  very  short  distances  apart, 
we  will  have  a  full  outline  on  the  cam  blank,  which  must  indicate  the 
absolute  curvature  of  B  C.  This  curvature  must  possess  all  the  quali- 
fications set  forth  above  as  absolutely  indispensable  for  a  correct 
cam  press  cam.    A  cam  or  set  of  cams  laid  out  in  this  manner  will 


Flff.  48.    Ordinary  Metbod  of  Laying  Out  Oams. 

silence  one  of  the  principal  objections  usually  raised  against  a  cam 
actuated  press,  viz.,  back  lash  or  springing  of  the  cam  roller  connecting- 
rods.* 

Shape  of  Bolls  for  Cylinder  Cams. 
The  grooves  and  rolls  for  cylindrical  cams  are  made   in  various 
ways,  more  or  less  suitable  for  the  work  to  be  done.    Fig.  43  shows  a 


Piff.  48. 


Pig.  44. 
Different  Forms  of  Cam  RoUe. 


Marhinrru.N.T. 
Flff.45. 


straight  roll  and  groove,  Fig.  44  a  roll  with  a  rounded  surface  in  a 
straight  sided  groove,  and  Fig.  45  a  beveled  roll  and  groove.  In  Fig. 
43  the  action  of  the  roll  is  faulty,  because  of  the  varying  surface 
speed  of  the  cam  at  the  top  and  bottom  of  the  groove,  due  to  its 
varying  radial  distance  from  the  center  line.  This  causes  excessive 
*  B.  E.  ElBenwlnter,  July,  1907. 
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wear   and   friction,   especially   in   a   quick   running  cam   with   rteep 


pitches.     For  such  cases,  if  the  duty  is  light,  the  arrangement 

in  Fig.  44  is  better,  as  the  roll  has  but  a  very  small  bearing 

and    is    thus   unaffected    by    a    varying    radial    distance.      For    heavy 

work,  however,  the  small  bearing  area  is  quickly  worn  down,  and  the 

roll  presses  a  groove  into  the  side  of  the  cam  as  well,  destroying  the 

accuracy  of  the  movement,  and  allowinjg  a  great  amount  of  backlash. 

In  Fig.  45  the  conical  shape  is  given  to  the  roll  with  the  idea  of 
giving  it  a  true  rolling  action  in  the  groove.  In  most  cases  where 
this  shape  is  used,  however,  the  lines  of  the  sides  of  the  roll  appear  to 
converge  to  the  center  line  of  the  cam,  as  shown  in  the  figure.  If 
the  groove  were  a  plain  circumferential  one,  it  would  give  a  perfect 
action,  like  that  of  the  pitch  cones  of  two  bevel  gears  rolling  on  each 
other.  If  the  motion  were  in  a  line  with  the  axis  of  the  cam,  without 
any  circular  movement,  conditions  would  be  perfect  in  Fig.  43.  It  Is 
evident  that  in  intermediate  conditions,  the  groove  must  be  given  a 


Flff.  411.    Dlmgrtkm  Sbowlnff  J(««hod  of  Finding  Sbape  of  Cam  Rolls. 


shape  intermediate  between  the  two.     In  many  cams  of  this  variety 
the  heavy  duty  comes  on  a  section  of  the  cam  which  is  of  nearly  even  • 
pitch  and  of  considerable  length.     In  such  a  case  It  is  best  to  propor- 
tion the  shape  of  the  roll  to  work  correctly  during  the  important  part 
of  the  cycle,  letting  it  go  as  it  will  at  other  times. 

In  Fig.  46,  6  is  the  circumferential  distance  on  the  surface  of  the 
cam,  which  includes  the  movement  we  desire  to  fit  the  roll  to.  The 
throw  of  the  cam  for  this  circumferential  movement  is  a.  Line  OU 
will  then  be  a  development  of  the  movement  of  the  cam  roll  during 
the  given  part  of  the  cycle,  and  c  is  the  movement  corresponding  to  &, 
but  on  a  circle  whose  diameter  is  that  of  the  cam  at  the  bottom  of 
the  groove.  With  the  same  throw  a  as  before,  the  line  OV  will  be  a 
development  of  the  cam  at  the  bottom  of  the  groove.  OU  then  is  the 
length  of  the  helix  traveled  by  the  top  of  the  roll,  while  OV  is  the 
amount  of  travel  at  the  bottom  of  the  groove.  If  then  the  top  width 
and  the  bottom  width  of  the  groove  be  made  proportional  to  017  and 
OV,  the  shape  will  be  suitable  to  give  the  result  we  are  seeking.* 

•  U.   E.  Flanders,  December,  1904. 
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ting  Bevel  Gears  with  a  Rotary  Cutter,  Spindle  Construction,  and  the  Making; 
of  a  Worm-Gear.  The  descriptions  of  the  operations  are  profusely  illustrated, 
demonstrating  the  value  of  the  camera  for  telling  the  story  of  machine  shop 
work,  and  for  graphic  instructions  in  the  methods  of  machine  shop  practice. 

No.  11.  Bearings. — Design  of  Bearings,  Hot  Bearings,  Oil  Grooves  anri 
Pitting  of  Bearings,  Lubrication  and  Lubricants,  an^  Ball  Bearings. 

No.  12.  Mathematical  Principles  of  Machine  Design. — The  matter  pre- 
sented is  almost  entirely  the  work  of  Mr.  C.  F.  Blake,  a  name  very  familiar  to 
the  readers  of  Machinery.  Draftsmen  and  designers  will  find  the  chapters  on 
the  Efficiency  of  Mechanisms  and  Notes  on  Design  full  of  valuable  suggestions. 

No.  13.  Blanking  Dies. — Contains  chapters  dealing  with  Blanking  Dies  in 
general,  the  Design  of  Dies  for  Cutting  Stock  Economically,  Split  Dies,  and 
General  Notes  on  Die  Making. 

No.  14.  Details  of  Machine  Tool  Design. — Contains  chapters  on  the  deter- 
mination of  the  Diameters  of  Cone  Pulleys,  the  Relation  between  Cone  Pulleys 
and  Belts,  the  Strength  of  Countershafts,  and  Tumbler  Gear  Design. 

No.  15.  Spur  Gearing. — Contains  chapters  on  the  First  Principles  of  the 
Action  of  Gears,  the  Arithmetic  of  Spur  Gearing,  Formulas  for  the  Strength  or 
Gear  Teeth,  and  the  Variation  of  the  Strength  of  Gear  Teeth  with  the  Velocity. 

No.  16.  Machine  Tool  Drives. — Contains  chapters  on  the  Speeds  and 
Feeds  of  Machine  Tools;  Machine  Tool  Drives;  Singly  Pulley  Drives;  and 
Drives  for  High  Speed  Cutting  Tools. 

No.  17.  Strength  of  Cylindkrs. — Deals  with  the  subject  of  strength  of 
cylinders  against  internal  hydraulic  or  steam  pressure.  Formulas,  tables  and 
diagrams  are  given  to  facilitate  the  design  of  such  cylinders.  ^ 

No.  18.  Arithmetic  for  the  Machinist. — Among  the  various  subjects 
treated  are  the  following:  The  Figuring  of  Change  Gears;  Indexing  Movements 
for  the  Milling  Machine;  Diameters  of  Forming  Tools;  and  the  Turning  of 
Tapers.     Simple  directions  are  given  for  the  use  of  tables  of  sines  and  tangents. 

No.  19.  Use  of  Formlxas  in  Mkciianicjs — This  pamphlet  is  adapted  for  the 
man  who  lacks  a  fundamental  knowledge  of  mathematics.  It  opens  with  a 
Chapter  on  mechanical  reading  in  general,  and  proceeds  to  explain  thoroughly 
the  use  of  formulas  and  their  application  to  general  mechanical  subjects. 

No.  20.  Spiral  Gearing. — A  simple,  but  complete,  treatment  of  the  subject, 
from  a  practical  point  of  view,  giving  directions  for  calculating  and  cutting 
helical,  or,  as  they  are  commonly  called,  spiral  gears. 

Lack  of  space  prevents  a  description  of  the  following  very  useful  and  in- 
teresting pamphlets :  — 

No.  21.  Measuring  Tools. — No.  22.  Calculations  of  Elements  of  Ma- 
chine Design. — No.  23.  The  Theory  of  Crane  Design. — No.  24.  Examples  of 
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OTHER  PAMPHLETS  IN  THE  SERIES  WILL  BE  ANNOUNCED  IN  MACHINERY 
FROM  TIME  TO  TIME. 

The  Industrial  Press,  Publishers  of  Machinery, 
40-66  La&yette  Street,  New  York  City,  U.  S.  A. 


Digitized  by  LjOOQ  IC 


Digitized  by  LjOOQ  IC 


A-tj^umnuumiB^Lm 


EACH  PAMPHLET  IS  ONE  UNIT  IN  A  COMPLETE  UBRARY  OF  MACHINE  DE. 
SIGN  AND  SHOP  PRACTICE  REVISED  AND  REPUBLISHED  FROM  MACHINERY 


No.  to 


EXAMPLES  OF  MACHINE 
SHOP  PRACTICE 


By  H.  P.  Fairfield 


CONTENTS 

Cutting  Bevel  Gears  with  a  Rotary  Cutter 
Making  a  Worm-Gear    -         -         -         - 
Spindle  Construction 


3 
33 


Copyright  1906,  The  InduRtrial  Press,  Publishers  of  Machinery, 
49-55  Lafayette  Street,  Kew  York  City 


Digitized  by  LjOOQIC 


MAOHINEBY'S  BBFEBENCB  SERIES. 
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CHAPTER  I. 


CUTTING  BEVEL  GEARS  WITH  A  ROTARY  CUTTER. 

Pictures  are  a  great  help  in  understanding  a  machine  shop  opera- 
tion. It  is  often  possible,  with  a  few  half-tones,  to  convey  ideas  that 
would  require  many  pages  of  written  matter  to  express  them.  In 
the  present  pamphlet  advantage  has  been  taken  of  this  facility  of  the 
photograph  to  express  ideas,  so  that  a  long  story  has  been  told  in 
comparatively  few  words. 

While  the  process  of  forming  the  teeth  of  a  bevel  gear,  by  milling 
them  with  a  rotary  cutter,  is  not  easy  to  describe  without  telling  how 
to  make  a  drawing  of  the  blank,  it  seems  best  to  leave  the  designing 
and  drawing  for  a  treatise  more  particularly  dealing  with  this  subject 
alone.     The  average  apprentice  approaches  the  problems  of  the  ma-> 


^' 


Plff.  1.    Bssentlal  Dimensions  of  the  Gear  to  b«  Out. 

chine  shop  with  hardly  enough  knowledge  of  the  art  of  making  draw- 
ings to  enable  him  to  read  them,  to  say  nothing  of  making  them. 

The  Drawing. 
Fig.  1  represents  the  drawing  of  a  bevel  gear  and  its  pinion,  as  it  is 
given  to  the  workman.  It  is  to  be  noted  that  draftsmen  are  not  all 
bound  by  the  same  conventions,  but  this  drawing  is  as  it  would  be 
made  by  at  least  one  large  firm  who  cuts  many  bevel  gears.  All 
dimensions  other  than  those  necessary  to  our  description  have  been 
omitted  to  avoid  confusion.  The  description  will,  therefore,  be  con- 
fined to  those  operations  bearing  upon  the  subject  at  hand,  and  will 
show  what,  in  the  author's  estimation,  should  be  the  best  order  of 
operation  to'  insure  accuracy,  convenience,  and  speed.     In  machining 
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the  blank  to  the  required  angles  and  dimensions,  use  is  made  of  aD 
engine  lathe  fitted  with  a  compound  tool-slide,  and  the  tooth-cutting 
operations  are  made  in  a  milling  machine  fitted  with  a  universal  index 
head,  with  graduated  dials  on  its  feed  screws. 

In   the   drawing   Fig.   1   are   stated   the   angles  needed   to   turn   up 


Fig.  3.    Tuminir  the  Face. 

the  blank,  and  those  needed  when  cutting  the  teeth.  Those  angles 
which  are  to  be  worked  out  in  the  lathe,  using  the  compound  slide, 
are  given  from  a  line  normal  to,  or  at  right  angles  to,  the  center  line 
of  the  blank.  When  given  In  this  way,  they  conform  to  the  gradua- 
tions on  the  compound  slide  of  the  lathe,  and  all  calculations  by  the 
workman  in  the  shop  are  avoided.     The  cutting  angle  is  figured  from 
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the  center  line  to  conform  with  the  graduations  upon  the  milling 
machine.  The  diameter  of  the  gear,  as  drawn,  is  6.18  inches,  and 
operation  No.  1  is  to  size  the  blank  to  this  diameter.  While  some 
draftsmen  in  bevel  gear  work  give  the  outside  diameter  to  thousandths 
of  an  inch,  the  nearest  hundreth  is  sufficiently  accurate. 

TumlnfiT  the  Blank. 

Fig.  2  shows  operation  No.  1,  sizing  the  outside  diameter,  which 
leaves  a  flat  surface  easy  to  caliper. 

Operation  No.  2,  shown  in  Fig.  3,  is  the  turning  of  the  face  angle. 
As  given  on  the  drawing,  this  angle  is  31  degrees,  and  the  compound 
Bllde,  as  shown  in  the  cut,  is  set  to  conform  to  this.  In  setting  the 
filide,  the  nearest  quarter  degree  is  all  that  is  needed.     A  sufficient 


Flff.  4.    TnrnlniT  the  Outer  Bd^e. 

amount  of  stock  is  removed  by  this  operation  to  leave  a  well-finished 
surface  for  the  tops  of  the  teeth. 

Fig.  4  shows  operation  No.  3,  which  is  the  forming  of  the  back 
angle,  or  angle  of  edge.  As  given,  this  is  56  degrees  20  minutes,  and 
the  compound  rest  is  reset  to  read  to  the  required  angle.  In  this 
operation,  sufficient  stock  is  removed  to  bring  this  surface  up  to  an 
edge  with  the  one  previously  formed.  Note  that  in  all  the  operations 
the  tool  is  adjusted  normal  to  the  surface  operated  on,  to  obtain  the 
maximum  cutting  efficiency. 

Fig.  5  shows  operation  No.  4,  the  finishing  of  the  inner  ends  of  the 
teeth.  As  these  are  parallel  to  the  outer  ends,  the  compound  slide 
remains  as  set  for  operation  No.  3.  Sufficient  stock  is  removed  to 
make  the  teeth  of  the  length  required  on  the  drawing  (that  is,  1% 
inch),  and  an  ordinary  steel  rule  obtains  this  measurement  with  suffi- 
cient accuracy.  Filing  or  scraping  the  surfaces  puts  the  blank  in  readi- 
ness, so  far  as  the  teeth  are  concerned,  for  the  milling  operations.  If 
the  performed  operations  have  been  done  on  a  reliable  lathe,  and  care 
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has  been  taken  in  reading  the  figures  on  the  drawing  and  the  gradua- 
tions on  the  compound  slide,  the  blank  must  agree  with  the  drawing. 
It  is  well,  however,  to  check  the  angles  with  a  protractor,  and  Fig.  6 
shows  this.  While  the  blank  and  the  tool  would  ordinarily  be  held 
in  the  hands  when  making  this  test,  for  convenience  in  photographing 
they  are  placed  as  shown. 

With  the  drawing  dimensioned  as  shown,  and  the  operations  followed 
as  numbered,  it  will  be  noted  that  so  far  the  greatest  simplicity  has 
resulted  in  the  setting  of  the  machine  and  in  the  measurements  made. 

Selectin^r  the  Cutter. 
The  tooth  cutting  operations  are  made  in  the  milling  machine,  but 
the  points  to  be  brought  out  will  apply  to  gear-cutting  machines  as 


Flir-  G>    Turning  the  Inner  Bnd  of  the  Teeth. 

well,  with  slight  modifications  due  to  the  different  mechanism.  There 
are  in  use  at  least  four  different  methods  by  which  the  machines  may 
be  used  to  form  the  teeth,  and  as  all  bevel  gears  cut  with  a  rotary 
cutter  must  be  in  error,  some  latitude  as  to  means  can  be  allowed  the 
workman.  For  the  pair  of  gears  shown,  the  diametral  pitch  at  the 
large  end  of  the  tooth  is  6,  since  the  gear  has  36  teeth,  or  6  teeth  for 
each  inch  of  the  largest  pitch  diameter.  At  the  inner  end  of  the  gear 
the  pitch  diameter  is  much  less.  The  number,  of  teeth  is  the  same, 
however,  and  thus  the  pitch  is  finer;  or,  in  other  words,  there  are  a 
greater  number  of  teeth  per  inch  of  pitch  diameter.  Suppose,  for 
example,  that  the  pitch  diameter  at  the  inner  end  of  the  teeth  is  four 
inches,  then  the  number  of  teeth  per  inch  would  be  nine,  and  the  pitch 
would  therefore  be  nine,  or,  as  it  is  commonly  written,  9  P. 

In  choosing  a  cutter  with  which  to  form  the  teeth,  it  will  thus  be 
seen  that  if  it  is  the  right  pitch  for  one  end  of  the  teeth,  it  must  be 
in  error  for  the  other,  and  it  is  for  this  reason  that  all  bevel  gear 
leeth  cut  by  milling  are  at  the  best  a  compromise  for  the  true  shape. 
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As  noted  above,  there  are  four  methods  of  compromising,  but  the  one 
chosen  for  illustration  here  is  that  usually  termed  the  "rolling  method/' 
meaning  that  the  gear  is  rolled  to  and  fro  for  adjustment  with  the 
cutter. 

To  choose  a  cutter  for  spur  gear  cutting,  the  pitch  and  number  of 
teeth  being  given,  is  a  simple  matter  if  the  table  below,  taken  from  tha 
catalogue  of  the  Brown  ft  Sharpe  Mfg.  Co.,  is  used.  To  choose  a  cutter 
for  milling  bevel  gears,  however,  the  method  given  below,  and  illus- 
trated in  the  diagram,  Fig.  7,  is  used.  Instead  of  taking  a  cutter 
for  the  number  of  teeth  which  one  wishes  to  cut,  it  may  have  to  be 
for  a  much  larger  number.  While  this  rule  is  not  universally  followed 
and  has  its  limitations,  it  covers  most  cases  better  than  any  other, 


Flff.  0.    Testing  the  Accuracy  of  the  Angles. 

and  a  cutter  chosen  by  this  method  is  the  correct  curvature  for  the 
teeth  at  the  extreme  large  end,  though  it  cannot  have  the  right  curve 
for  the  rest  of  the  tooth.  It  must,  also,  be  so  chosen  as  to  be  at 
least  as  thin  as  the  width  of  space  at  the  inner  end  of  the  teeth.    This 

RANGE  OP  CUTTERS  IN  STANDARD  INVOLUTE  SERIES. 
No.  1  will  cut  wheels  from  135  teeth  to  a  rack. 


55 
35 
26 
21 
17 
14 
12 


134  teeth. 

54  •• 

34  " 

25  •* 

20  •• 

16  " 

18  " 


makes  it  necessary  to  use  special  cutters,  somewhat  thinner  at  the 
pitch  line  than  those  used  for  spur  gears.  The  method  is  as  follows. 
Measuring  the  dimension  in  the  drawing,  Fig.  1,  which  corresponds 
to  the  line  a  &,  Fig.  7,  and  doubling  it,  gives  a  length  of  10%  inches, 
nearly.     This  dimension  is,  however,  not  indicated' in  Fig.  1.     Multi- 
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plying  this  by  the  pitch,  gives  the  number  of  teeth  for  which  the  cutter 
must  be  chosen,  or  sixty-four,  approximately.  In  the  table  on  the  pre- 
vious page,  a  No.  2  cutter  is  listed  to  cut  from  55  to  134  teeth,  and  is 
the  one  selected.  When  it  is  inconvenient  to  measure  the  back  cone 
radius,  use  is  made  of  the  following  formulas,  taken  from  Brown  & 
Sharpe  Mfg.  Co.*s  catalogue  (see  Fig.  7  for  notations) : 

iV. 
Tano= (1) 


No.  of  teeth  for  which 
to  select  cutter  for  gear 


cos  a 


(2) 
(8) 


No.  of  teeth  for  which 

to  select  cutter  for  pinion     ^^^  ^ 

If  the  gears  are  miters,  or  alike,  only  one  cutter  is  needed.     If  one 
is  larger  than  the  other  two  cutters  may  be  needed. 

SettiniT-np  the  Work  for  Trial  Cuts. 
The  cutting  angle  of  the  gear  Js  53  degrees  40  minutes,  given  from 
the  center  line  of  the  gear,  which  corresponds  to  the  center  line  of 


ng.  7.    DlAffnun  Bhowiiiff  Method  of  Beleotluff  Cutters  tor  Bevel  Gears. 

the  index  centers.  The  index  head  is  therefore  swiveled  in  the  ver- 
tical plane  to  the  position  shown  in  Fig.  8,  or  through  an  arc  of  53 
degrees  40  minutes  by  the  graduations.  The  cutter  is  placed  in  cut- 
ting position  upon  the  milling  machine  arbor,  which  must  run  true. 
Fig.  9  shows  how  the  cutter  and  the  index  center  are  brought  into 
alignment  by  adjusting  the  cross  slide.  Most  makes  of  cutters  have 
a  center  line  scribed  on  the  tops  of  the  teeth,  or  on  the  back  face,  to 
set  the  center  to  in  making  this  adjustment.  Be  sure  that  the  center 
runs  true.  It  is  best  to  try  it  with  a  test  indicator.  The  gear  blank, 
as  shown  in  Fig.  10,  is  mounted  firmly  on  a  special  true-running  arbor, 
with  a  taper  shank  to  fit  the  index  head. 

Fig.  8  also  shows  the  index  pin  and  adjustable  sector  set  for  spacing 
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thirty-six  teeth  on  the  blank.  Although  use  can  be  made  of  the 
printed  table  which  comes  with  the  milling  machine  to  learn  the 
turns  and  parts  of  turns  to  make  when  indexing,  a  very  simple  calcu- 
lation gives  it,  when  the  number  of  revolutions  which  must  be  made 
with  the  index  crank  to  give  the  work  a  complete  turn  is  known.  In 
most  milling  machine  index  heads,  this  number  is  40,  as  they  have  a 


Plff.  8.    Spiral  Head  Set  for  Proper  Outttoff  Angle  and  Indexing. 


Fig.  O.    Setting  the  Cutter  Central  with  the  Work  Spindle. 

40-toothed  worm  gear  and  a  single-thread  worm;  40,  then,  is  the 
numerator  of  a  fraction,  the  denominator  of  which  is  the  required 
spacing;  or,  in  other  words,  dividing  forty  by  the  number  of  spaces 
required  gives  the  number  of  turns  and  parts  of  a  turn  of  the  index 
crank.  In  this  case,  40/36  =  1  4/36  =  1  1/9  revolutions,  or  one  turn 
and  one-ninth  of  a  turn.     Six  holes  in  the  Mhole  circle  is  taken  to  give 
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the  one-ninth  of  a  turn  required.  Any  circle  of  holes  evenly  divisible 
by  nine,  can,  of  course,  be  used. 

With  the  blank  set  to  the  required  cutting  angle,  the  next  step  is 
to  make  a  line  on  its  back  edge  showing,  as  in  Fig.  10,  the  depth  of 
the  teeth  at  this  point.  This  is  done  with  a  "depth  of  gear  tooth" 
gage  of  the  proper  pitch.  Such  gages  may  be  bought  in  different  s|zes 
for  different  pitches.  Be  careful  to  hold  it  parallel  to  the  back  edge 
of  the  blank  when  scribing  the  line. 

Fig.  11  shows  the  machine  and  work  completely  set  up,  and  adjusted 
for  the  trial  cut.     This  cut  must  not  be  so  carelessly  made  as  to  be 


Flff.  10.    Marking  the  Depth  of  Tooth  with  Depth  Gage. 

deeper  than  the  tooth  depth  line  marked  out  in  Fig.  10,  and  several 
trial  cuts,  each  deeper  than  the  other,  may  well  be  made  in  getting 
the  required  depth  for  the  first  space. 

ApproximatinfiT  the  Correct  Tooth-Form  by  Rolling. 
Fig.  12  shows  the  first  space  cut  to  depth.  The  work  is  then  indexed 
for  another  cut.  Fig.  13  shows  the  trial  tooth  left  by  the  two  trial  cuts 
completed.  It  is  noticeable  that  the  tooth  is  much  wider  on  the 
pitch  line  than  it  should  be,  at  the  outer  end.  This  may  also  be  true 
of  the  inner  ends  at  the  pitch  lines,  and  is  certain  to  be  true  of  the 
inner  ends  above  the  pitch  line  when  the  gear  is  finished,  unless  this 
part  of  the  tooth  is  afterward  filed  somewhat.  The  coarser  the  pitch 
and  the  longer  the  tooth  face,  the  more  this  latter  shows.  The  rolling 
method  of  approximating  the  true  tooth  shape  starts  by  making  sev- 
eral central  cuts,  such  as  shown  in  Fig.  14,  giving  teeth  which  may 
be  used  to  test  adjustments  by  as  they  are  made.  With  the  cross  feed 
index  set  at  zero,  the  table  is  moved  off  center  toward  the  column  of 
the  machine  a  trial  distance,  and  then  clamped  Immovably.  By  means 
of  the  index  crank,  the  work  blank  is  rotated  or  "rolled"  back  toward 
the  cutter  again  to  just  admit  it  to  the  space  at  the  inner  end  of  the 
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teeth.     Do   not   disturb   the  adjustable   sector   when   doing   this, 
leave  it  to  mark  the  hole  which  is  correct  for  the  central  position. 

Rolling  the  gear  is  equivalent  to  swiveling  the  tooth  about  the  apex 
of  the  cone,  and  allows  the  cutter  to  take  a  heavier  shaving  or  chip 


Fl|r  U*    Work  in  Place  on  Maohine,  Beady  for  Trial  Out. 


Flff.  12.    Trial  Gut  Completed. 

at  the  outer  end  of  the  tooth  than  it  does  at  the  inner  end.  The 
greater  the  adjustment  off  center  and  the  more  the  blank  is  rolled, 
the  greater  this  difference. 

If,  for  example,  the  cutter  leaves  the  trial  teeth  accurate  in  thick- 
ness at  their  inner  ends,  the  blank  would  be   rolled,  when  making 
adjustments,  to  allow  the  cutter  to  just  enter  the  trial  cut  at  that 
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end  without  thinning  the  teeth.      Exceptions  to  this  will  he  noted 
further  along. 

After  the  trial  cut  has  heen  taken  upon  one  side  of  the  tooth,  the 
index  pin  and  the  cross  slide  should  be  returned  to  their  original 
central  position,  and  the  blank  indexed  one  tooth,  to  bring  the  cutter 
to  the  side  opposite  to  that  already  thinned  off.  Afterward  set  the 
cross  slide  off  center  away  from  the  column,  and  roll  the  blank  toward 
the  cutter  again,  the  same  amount  as  before,  until  the  cutter  Just 
enters  the  space  at  the  inner  end.  Thin  off  this  side.  If  the  larger  end 
of  the  tooth  is  still  too  thick,  it  shows  that  the  cross  slide  was  not  set 
off  from  its  central  position  a  great  enough  distance,  and  another  trial 
cut  must  be  made  on  each  side  of  the  tooth,  carefully  duplicating  the 
operations  just  noted,  but  giving  additional  movement  to  the  cross 
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Flff.  13.    Trial  Tooth  Formed  by  Two  Trial  Guts. 


slide  and  the  rolling  of  the  blank,  repeating  this  until  the  gage  shows 
the  right  thickness  at  the  outer  end  of  the  teeth  as  in  Fig.  14.  The 
gage  shown  is  one  of  a  form  common  in  gear  cutting  practice.  The 
notch  in  the  end  of  it  has  a  depth  equal  to  the  addendum,  and  a  width 
equal  to  the  tooth  thickness  of  the  pitch  for  which  It  Is  intended— 
6  in  this  case. 

As  previously  stated,  all  this  has  been  done  on  the  supposition  that 
the  thickness  of  the  cut  left  the  space  and  teeth  at  their  inner  ends 
the  right  width.  If  the  cutter  is  too  thin  to  do  this,  the  teeth  must 
be  shaved  on  their  sides  at  the  smaller  as  well  as  at  the  larger  ends. 
It  is  then  necessary  to  observe  that  neither  end  is  cut  too  narrow,  and 
the  cross-slide  adjustments,  as  well  as  the  rolling  of  the  blank,  must 
allow  for  shaving  the  tooth  its  entire  length. 

In  the  gear  shown,  the  cutter  was  considerably  thinner,  and  the 
tooth  was  shaved  its  entire  length.    In  making  the  trial  cut,  the  cross 
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slide  was  offset  0.010  inch,  and  the  blank  rolled  four  holes  in  the 
54-hole  circle,  and  the  trial  tooth  shaved  upon  both  its  sides.  These 
amounts  were  afterward  increased  to  an  offset  of  the  cross  slide  to 
0.015  inch  each  side  of  the  zero  line,  and  seven  holes  in  the  54-hole 
circle.  This  gave  a  tooth  that  gaged  up  as  desired  at  its  inner  and 
outer  ends  on  the  pitch  line. 

If  the  teeth  of  the  pinion  are  not  to  be  filed  at  their  inner  end  above 
the  pitch  line  to?  bring  that  portion  of  the  tooth  more  nearly  to  correct 
shape  than  the  cutter  will  leave  it,  it  may  be  necessary  to  widen  the 
space  at  the  inner  ends  of  the  gear  to  give  additional  room.  Cn  the 
finer  pitches,  the  cutter  leaves  the  teeth  so  nearly  correct  that  they 
need  not  be  filed;  but  in  the  coarser  pitches,  filing  is  quite  necessary. 

CuttinfiT  the  Teeth. 

Having  established  the  amount  off  center,  and  the  angle  to  roll  the 
blank,  proceed  to  cut  the  rest  of  the  teeth.     If  the  pitch  is  rather 


Flff.  14.    Testinff  Aoouraoy  of  Settings  for  Approximating  the  true  Tooth  Form. 

coarse,  three  cuts  may  be  necessary  all  the  way  around  each  blank. 
In  the  finer  pitches,  however,  two  cuts  around  are  sufficient.  In  the 
case  of  three  cuts,  the  first  is  a  central  cut  made  as  already  shown 
with  the  standard  cutter,  all  the  way  around,  and  then  the  two  thin- 
ning cuts  follow.  Some  gear-makers  use  a  so-called  "stocking  cutter" 
in  making  the  central  cuts,  afterward  thinning  the  teeth  with  a  stand- 
ard cutter  as  noted.  This  undoubtedly  leads  to  less  sharpening  of 
the  standard  cutter. 

If  the  pitch  allows  two  cuts  around  the  blank  to  be  sufficient,  the 
first  is,  of  course,  made  with  the  table  offset  and  the  work  rolled  to 
shape  one  side  of  the  teeth,  and  the  second,  with  the  machine  and 
work  set  to  shape  the  opposite  side,  each  cut  going  all  around  the 
blank. 
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Figs.  16,  17  and  18  show  the  cross-feed  screw  index  dial,  as  adjusted 
for  the  central  cuts,  and  afterward  the  thinning  cuts. 

Fig.  15  shows  the  amount  that  the  space  is  wider  than  the  cutting 
edge  of  the  cutter;  and  Fig.  19  is  a  general  view  of  the  entire  machine 
as  set  up. 
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Fig.  16.    Cutter  Oompleting  the  Tootb,  Showing  Widened  Tooth  Space. 

General  Directions. 

In  closing,  it  may  be  well  to  note  some  precautions:  Mounting 
the  work  as  shown,  with  all  ''overhangs"  as  short  as  possible,  still 
leaves  the  outer  end  unsupported.  Care  must  therefore  be  taken  to 
have  the  taper  arbor  in  the  index  head  well  fitted  and  driven  firmly 


Fig  10.    Cro88-fied  Dial  Fig.  17.    Oross-flsed  Dial   Fig.  18     Cross-feed  Dial 
when  Work  Spindle  is       Set  fbr  Cutting  Outer  Set  for  Cutting  Inner 

Set  Central.  Side  of  Tooth.  Side  of  Tooth. 

in  place;   the  work  must  also  be  mounted  upon  the  outer  end  of  the 
arbor  so  that  it  will  not  slip  under  the  action  of  the  cutter. 

The  cutter  must  be  carefully  ground  sharp,  with  each  cutting  edge 
radial  and  exact,  relative  to  the  center  hole.  The  cutter  must  also 
be  in  coincidence  with  the  center  line  of  the  index  centers  or  the 
teeth  will  "hook,"  relative  to  the  apex  of  the  cone  as  well  as  to  the 
radius. 
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In  making  adjustments  of  the  cross-slide  or  with  the  index  pin, 
see  that  the  final  motions  are  always  in  the  same  directions.  This 
prevents  errors  of  adjustment  due  to'  lost  motion  or  backlash.  For 
example,  in  Fig.  16  the  zero  setting  was  made  by  moving  the  cross- 
feed  handle  to  the  right  until  the  dial  read  to  the  zero  mark.  That 
shown  in  Fig.  17  was  a  continuation  of  this  motion,  and  in  Fig.  18 
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Flff.  10.    Qenersl  View  of  Machine  as  Arranged  for  Gnttliiff  Bevel  Gears. 

the  handle  was  reversed  at  least  a  half  revolution,  and  then  turned  in 
a  right-hand  direction  to  the  required  graduation.  All  milling  ma- 
chines and  index  heads  are  provided  with  means  of  clamping  the 
several  sides  and  swivels,  and  these  should  always  be  tightened  while 
the  cut  is  being  made,  and,  of  course,  loosened  when  adjusting.  After 
the  indexing  for  a  cut,  place  the  counting  sector  in  readiness,  as 
shown  in  the  cuts,  for  the  next  adjustment. 
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In  turning  up  the  blanks,  machine  an  extra  one  to  use  as  a  "dummy" 
for  setting  the  machine.  This  dummy  may  be  used  until  cut  up. 
Finally,  settle  upon  a  regular  order  of  operations,  follow  it  until  a 
habit  is  formed,  and  fewer  errors  will  result. 

As  has  been  intimated,  the  method  of  cutting  bevel  gears  Just  de- 
scribed, is  only  an  approximate  one.  There  is  no  possible  way  of 
cutting  them  to  the  theoretically  perfect  shape  with  formed  milling 
cutters.  There  are  probably  more  gears  cut  in  the  way  we  have 
described,  however,  than  by  any  other  method,  as  it  requires  the 
simplest  outfit  of  tools,  and  can  be  done  in  any  ordinary  milling  ma- 
chine which  is  provided  with  an  indexing  head.  This  method  should 
not  be  used  on  large  gears — especially  those  which  are  to  run  at  a 
high  rate  of  speed  and  transmit  considerable  power.  Under  these 
conditions,  bevel  gears  cut  with  rotary  cutters  will  be  inefficient  and 
noisy,  and  will  be  far  from  durable.  For  such  service,  the  teeth  should 
be  planed  by  some  one  of  the  various  machines  made  for  the  purpose, 
either  by  the  templet  or  generating  processes. 

There  are  so  many  gears  cut  with  this  method,  however,  that  the 
ability  to  use  it  should  be  a  part  of  the  training  of  all  machinists 
who  class  themselves  as  "all  around"  workmen. 
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MAKING  A  WORM-GEAR. 

The  machinist  is  apt  to  concern  himself  hut  little  with  the  steps 
taken  by  others  to  produce  the  castings  which  he  is  given  to  finish  into 
machine  parts.    He  seldom  gives  the  designer  or  draftsman  a  thought, 
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WORM  IV  DIAMETER 

e  THREADS  PER  INCH,R.H. 

2.76  CT.C 


WORM  GEAR,  4.006  THROAT  DIAMETER  f 

TEETH  61 

RAD.  TURNING  TOOL  0.747 

14'X  6'ENOINE  LATHE 

DETAIL  OF  WORM  GEAR 

WASHBURN  SHOPS  WORCESTER  MASS -U.S.  A. 

Fig  20.    Drawing  of  the  Worm-Gear  to  be  Made. 

and  the  patternmaker  or  molder  gets  less.  It  may  therefore  be  of  in- 
terest to  follow  along  the  path  a  piece  has  taken  from  its  first  incep- 
tion in'  the  designer's  brain,  to  the  point  where  it  becomes  a  finished 


Fig.  21.    Olulng  Up  the  Pattern 
for  the  Worm-Oear. 


Fig.  22.    The  Hub  and  Finished  Face 
Of  the  Pattern. 


part  of  a  useful  machine,  and  to  count  the  footsteps.  Take,  for  ex- 
ample, a  worm-gear  such  as  that  shown  in  Fig.  20,  which  is  part  of  a 
friction  feed  mechanism.     Topsy  "just  growed,"  but  this  is  not  true 
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Piff.  23.    Tnmlnff  the  Wood  Ohuck.  Plff.  24.    Tamlnff  the  Seat  fbr  the  Hub. 


Flff.  26.    The  Seat  Completed. 


Flff.  26.    Trying  in  the  Hub. 


Fiff.  27.    The  Completed  Body  and  Hub. 


Fig.  28.    The  Assembled  Pattern. 


of  a  machine  part,  either  in  design  or  worl^manship,  and  even  so 
simple  a  piece  as  the  one  shown  represents  thought  "By  the  designer, 
patternmaker  and   foundryman.     The  designing  draftsman  should   be 


Digitized  by 


Google 


MAKING  A  WORM-GEAR 


19 


something  of  a  patternmaker,  foundryman  and  machinist,  in  addition 
to  his  ability  to  assign  proper  values  to  form,  strength,  velocity  ra- 
tios, position,  etc.  On  the  work  of  the  draftsman  depends  largely  the 
possibility  of  economic  production  in   the  shop,  and  if  the  machine 


Flff.  20.    Tools  Used  by  Patternmaker. 

details  he  designs  cannot  be  easily  and  cheaply  made,  it  is,  in  most 
cases,  his  lack  of  proper  understanding  of  shop  processes,  which  is 
to  blame  for  this  condition. 

The   patternmaker  is   concerned  with  questions   of  shrinkage   and 
warping  of  the  materials  used   in   making  the  pattern.     He  is  also 


Flff.  so.    Pattern  Fiaistaed  and  SheUacked. 

concerned  with  the  foundry  and  machine  shop  problems  of  shrinkage. 
draft,  finish,  ease  of  molding  and  machining  Fig.  21  shows  the  best 
method  of  gliflng  up  a  pattern  to  provide  for  uniform  shrink- 
age, prevent  serious  change  of  form  by  warping,  and  give  strength. 
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Such  a  pattern  finishes  nicely  under  the  cutting  tool,  as  shown  in  Fig. 
22.  The  core  print  and  hub  are,  however,  turned  from  the  solid  and 
afterward  glued  into  place. 

Wood'  mounted  on  a  face-plate  and  afterward  used  to  hold  work  by 
gluing,   shouldering,    recessing   or   any    similar   manner   is   termed   a 


Plff.  82.    Ready  to  Draw  the  Pattern. 

wood  chuck,  and  Fig.  23  shows  the  turning  of  the  wood  chuck  (o 
fit  the  recess  in  the  pattern.  The  pattern  is  held  to  the  wood  chuck 
by  strips  of  paper  glued  between  the  face  of  the  chuck  and  the  pattern; 
this  permits  the  pattern  to  be  removed  after  the  turning  of  the  seat 
for  the  hub,  which  operation  is  shown  in  Fig.  24. 
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Fig.  25  shows  the  tool  rest  swung  to  a  position  that  allows  the  hub 
to  be  tried  into  the  recess,  as  in  Fig.  26.  Fig.  27  is  the  pattern  removed 
from  the  chuck  with  the  hub  and  core  prints  ready  for  gluing  into 
place.    This  is  done  in  Fig.  28,  and  in  Fig.  30  the  pattern  is  shellacked 
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Flff.  88.    Th«  Pattern  Drawn. 


Plff.  84.    The  Core  in  Place,  ready  for  the  Cope. 

ready  for  molding.     The  tools  used  by  the   patternmaker  appear   in 
Fig.  29. 

Considered  from  the  viewpoint  of  the  foundryman,  a  pattern  Is  a 
useful  but  not  an  indispensable  tool,  and  with,  it  he  can  more  easily 
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produce  the  required  eastings.  Such  a  pattern  as  the  one  shown  makes 
a  simple  molding  job.  if  a  molding  job  of  any  sort  can  be  termed 
''simple."  In  Fig.  35  are  the  two  parts  of  a  flask  made  hinged  so  as 
to  be  snapped  open  by  the  molder  to  remove  them  from  the  sand  mold. 
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Ftff.  86.    The  Complated  Mold. 


Flff.  80.    Th«  Rouffb  Castioff. 

and  in  Fig.  31  is  the  sand  mold  complete  with  the  taper  plug  that 
forms  the  gate  in  place.  Some  of  the  tools  used  by  the  molder  are 
shown  in  this  view.  For  convenience  in  handling  the  upper  and 
lower  parts  of  the  flask — termed  the  cope  and  nowel — as  much  of  the 
pattern  as  its  shape  will  allow  is  bedded  into  the  nowel,  as  In  Fig.  32. 
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With  the  pattern  withdrawn  as  in  Fig.  33,  a  cavity  is  left  for  filling 
w^th  the  melted  metal.  As  a  portion  of  the  cavity  is  in  the  cope,  the 
flask  needs  to  be  closed  when  poured.  To  lead  the  metal  into  the 
cavity  made-  by  the  pattern,  a  gate  is  cut  beside  it  out  to  that  left 


Flff.  87.    Trulnff  Up  the  Oaotlxiff  In  tb«  Ohuck. 


Flff.  88.    Drilling  Out  the  Hol«. 

by  the  tapered  plug.  This  is  shown  in  Fig.  34.  To  form  a  hole  in  the 
center  of  the  casting,  a  sand  core  is  placed  in  that  part  of  the  cavity 
left  by  the  core  prints,  and  the  mold  is  closed  and  the  flask  removed. 
The  mold  now  presents  the  appearance  of  Fig.  35,  and  is  ready  for 
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pouring.  It  will  be  seen  from  this  figure  that  the  outer  part  of  the 
gate  has  been  enlarged  to  form  a  basin  into  which  the  molten  metal 
can  be  conveniently  poured.  After  the  mold  is  poured,  the  sand  is 
broken  apart,  and  the  casting  is  allowed  to  cool  until  it  is  ready  to  be 


^i 

\ 

■i^'^-r^j^-is^^^'X.- 

Flff.  39.    Reaming  th«  Bore. 


Plff.  40     Roughlnff  th«  Bottom  of  the  Receee. 

Rjaced   upon   the   pickling   bed  and    prepared    for   the    machine   shop 
processes,  and  appears  as  in  Fig.  36. 

The  first  operation  on  the  casting  in  the  machine  shop  is  to  true  it 
up  in  a  lathe  chuck  and  finish  out  the  hole.  To  insure  a  satisfactory 
hole  three  tools  are  used;   a  drill,  lathe  reamer,  and  hand  reamer,  io 
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the  order  named,  each  tool  leaving  the  correct  amount  of  stock  for  the 
succeeding  one.  To  indicate  the  position  of  eccentricity  when  truing 
up  the  piece  in  a  chuck,  either  chalk  or  a  lathe  tool  may  be  used.  Fig. 
37  shows  the  piece  ready  to  be  drilled  and  lathe  reamed,  Fig.  38  and 
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Flff.^1.    Pinlabinff  th«  Reoeaa. 


Flff.  42.    Flnlsbinff  th«  Inn«r  Oiroumlbrenoe. 

Fig.  39  completing  the  operation.  If  the  drill  tends  to  wabble  when  it 
is  being  started,  the  butt  end  of  a  lathe  tool  held  as  in  Fig.  38  steadies 
it.  The  bottom  surface  of  the  recess  can  be  more  easily  finished  when 
held  in  the  chuck  than  afterward.     Figs.  40  and  41  show  this  being 
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done.    The  outer  edge  is  squared  first  for  convenience  in  scaling  the 
depth  of  the  recess. 

Fig.  42  illustrates  the  finishing  of  the  internal  circumference  true 
with  the  hole.     While  it  would  be  good  enough  practice  to  rough  out 
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Flff.  43.    Roaeb  Tumioff  the  Outside  Diameter. 


Fiff.  44.    Boufirhinff  the  Outer  Face. 

and  finish  this  surface  while  the  piece  was  held  in  the  chuck,  in  order 
to  introduce  the  method  employed  for  work  where  a  high  degree  of 
accuracy  is  required,  this  operation  has  been  shown  carried  out  with 
the  work  on  a  true  running  mandrel. 
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In  roughing  out  and  finishing  the  outer  circumference,  as  in  Fig. 
43,  the  concaved  surface  for  the  teeth  is  left  as  the  roughing  tool  leaves 
it.  Roughing  the  outer  worm-gear  face,  as  shown  in  Fig.  44,  is  best 
done  by  feeding  from  the  outside  toward  the  center,  as  the  hard  skin 


Flff.  46.    Flnlflhlnff  Ui«  Fftoe  with  a  Sorsplnff  Cat. 


Flff.  40.    Th«  Finished  8arfko«. 

or  scale  of  the  casting  is  pried  off  or  crumbles  ahead  of  the  cutting 
e<lge.  Finishing  this  surface  is  done  by  lathe  scraping,  which  leaves 
a  smooth,  polished  surface.  For  this  purpose  the  tool  is  fed  in  the 
reverse  direction  from  that  of  roughing,  or  from  the  center  out- 
ward.    Fig.  45  shows  the  method  and  Fig.  46  the  results. 
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The  concave  surface  upon  which  the  teeth  are  cut  is  easily  made, 
as  in  the  illustration,  Fig.  47,  by  means  of  a  radius  tool.  If  a  com- 
paratively slow  speed  Is  used  and  a  firm,  steady  feed,  the  tool  will  not 
give  trouble  by  chattering.    The  fact  that  such  a  tool  removes  actual 
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Fitf.  47.    Radius  Tool  for  Tooth  Surfttce. 
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Fiff.  48.    Chips  made  by  Radius  Tool. 

shavings  when  properly  used  is  clearly  shown  in  Fig.  48.  When  the 
corner  has  been  beveled  or  chamfered,  as  in  Fig.  49,  the  piece  is  ready 
to  have  the  teeth  cut  on  its  circumference.  Before  doing  this  it  may 
be  well  to  consider  briefly  the  way  in  which  the  teeth  may  be  cut 
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Worm-gears  used  as  adjustments  do  not  need  to  have  other  than  line 
contact  between  the  teeth  of  the  worm  and  gear,  and  suitable  teeth 
may  be  formed  by  using  a  single  cutter  of  the  proper  curvature.  This 
is  very  clearly  shown  by  the  Brown  &,  Sharpe  Mfg.  Co.,  in  their  treatises 


Flff.  49.    Cbamfeiiflg  the  Corner. 


Fig.  60.    Oenteiing  th«  Oaahlng  Cutter. 

on  gears  and  the  milling  machine.  Where,  however,  the  worm  and 
gear  are  used  to  move  a  load,  as  in  the  case  of  a  feed  worm  drive, 
surface  contact  between  the  teeth  is  made  necessary.  To  obtain  this, 
they  are  formed  by  a  cutting  tool  termed  a  '*hob,"  and  the  operation 
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Is  called  "hobbing."  If  the  hob  is  allowed  to  space  the  teeth  without 
previous  "gashing"  it  will  cut  a  larger  number  of  teeth  than  is  desired 
upon  the  given  circumference.  Gashing  prevents  this,  and  can  be  done 
by  using  any  cutter  that  will  leave  enough  stock  upon  the  sides  of 


Flff.  61.    The  Cutter  Located  with  Reference  to  the  Blank. 


Flff.  62.    Oashinff  the  Worm- Wheel. 

the  teeth  to  permit  finishing  by  the  hob.  The  gashing  cutter  may 
be  set  central,  as  illustrated  in  Figs.  50  and  51.  Gashing  after  the 
cutter  is  properly  set  is  a  question  of  indexing  the  required  number 
of  spaces  and   of   feeding   the   work   vertically  against  the  cutter   to 


Digitized  by  LjOOQ IC 


MAKING  A  WORM-GEAR 


31 


give  the  allowed  depth.  The  worm-gear  being  a  portion  of  the  back 
section  of  a  nut,  its  teeth  will  have  a  left-handed  angularity  if  the 
worm  is  right-handed.  The  work  table  should  be  swiveled  to  give  this 
when  the  blank  is  gashed,  and  afterward  set  to  zero  when  bobbing  the 
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Flff.  68.    The  Hob  In  Place. 


Piff.  64.    The  Finished  Worm-Oear. 

teeth.  After  the  spaces  have  all  been  indexed  as  in  Fig.  52,  the  dog 
is  removed  from  the  mandrel  and  the  hob  placed  in  position,  as  shown 
in  Fig.  53.  In  this  position,  and  mounted  as  shown,  the  hob  forms 
up  the  teeth  and  rotates  the  blank.    The  feed  is  vertical  as  for  gash- 
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ing,  and  to  such  a  depth  as  necessary  to  give  the  required  distance 
"center  to  center"  of  worm  and  gear.  The  finished  job  is  shown  in 
Fig.  54,  and  a  general  view  of  the  machine  in  Fig.  55. 


Flff.  66.    Milling  MaoMn«  Set  Up  for  Hobblnff. 

In  the  foregoing  only  a  mere  outline  of  the  operations  has  been 
given  in  words,  the  half-tones  being  depended  upon  to  tell  the  story 
of  the  work  carried  out  better  than  could  an  elaborate  description. 
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SPINDLE   CONSTRUCTION. 

Tbe  spindles  used  in  boring  mills,  drill  presses,  milling  machines, 
and  lathes  are  usually  fitted  with  a  threaded  nose,  and  a  tapered  hole 
to  hold  a  collet,  an  arbor,  or  a  pointed  center.  Milling  machine  and 
lathe  spindles  are  also  made  with  a  hole  throughout  their  entire 
length  in  addition  to  the  other  features.  This  hole  is  a  convenience 
in  many  ways,  as  it  is  possible  to  pass  stock  to  be  operated  upon 
through  the  hole.  In  the  flat  turret  lathe  and  in  the  different  makes 
of  screw  machines  this  is  the  principal  method  of  feeding  stock  to  the 
several  tools  held  in  the  turret  of  the  machine. 

The  spindles  of  the  above-mentioned  machines  are  either  made  from 
a  good  bar  of  machine  or  20-point  carbon  steel,  or  they  are  made 
from  crucible  steel  forgings  of  about  60-point  carbon,  and  are  com- 
monly spoken  of  as  hammered  crucible  steel  spindles.  High  carbon 
or  tool  steel  is  used  at  times  for  spindle  work,  but  this  can  be  classed 
as  special  spindle  work,  and  Its  use  is  rare.  The  requirements  of 
spindle  construction  are  that  the  spindle  be  perfectly  straight,  that 
the  journals  be  round,  straight,  and  true  running,  that  the  noee  be 
threaded  to  run  true  with  the  journals,  and  that  the  tapered  center 
hole  also  run  perfectly  true  with  the  journals.  The  spindles  in  any 
of  the  first-class  machines  are  constructed  to  fulfill  all  these  require- 
ments to  a  remarkable  degree.  Several  makers,  for  example,  test  the 
truth  of  the  tapered  hole  with  a  test  bar  of  at  least  one  foot  in  length, 
and  allow  a  vibration  of  less  than  1-1000  of  an  inch  from  truth  at  the 
outer  end  of  this  test  bar,  a  severe  test  when  one  considers  that  these 
are  not  special  machines,  but  are  regular  commercial  products. 

Tools  Used  in  Spindle  Borinsr. 
The  producing  of  holes  throughout  the  length  of  spindles  and  shafts 
has  led  to  the  devising  of  machines  and  appliances  for  deep  drilling 
that  are  peculiar  to  such  work.  To  commercially  drill  spindles  at  a 
profit  requires  that  the  maximum  feed  be  maintained.  It  is  a  matter 
largely  of  furnishing  a  free  cutting  tool,  amply  lubricated  and  cooled, 
and  keeping  the  hole  free  from  the  cuttings  or  chips.  No  method  that 
does  not  fulfill  the  above  conditions  can  be  said  to  be  a  complete  suc- 
cess. Where,  however,  but  few  spindles  are  to  be  drilled,  and  when 
the  number  does  not  warrant  the  purchase  or  construction  of  special 
spindle  drilling  machinery,  the  engine  lathe  or  a  drill  press  can  be 
used  to  do  the  work.  Owing,  however,  to  the  difficulty  of  keeping  the 
hole  freed  from  chips  when  the  work  is  held  vertical,  the  lathe  is  the 
tool  or  machine  mostly  used  for  this  drilling  job.  The  drills  used  in 
deep  drilling  of  this  kind  are  the  ordinary  twist  drill,' Pig.  56,  the  oil 
tube  twist  drill,  Fig.  57,  the  straight  flute  or  "Farmer"  drill,  Fig.  58. 
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the  half-round  drill  or  hog  nose  drill.  Fig.  60,  and  the  special  hollow 
drill,  shown  in  Fig.  59.  This  last  drill  is  used  in  a  special  drilling 
machine,  as  a  rule,  and  not  in  ordinary  lathe  drilling. 

Where  only  a  few  spindles  or  shafts  are  to  be  drilled,  the  common 
twist  drill,  shown  in  Fig.  56,  or  the  straight  fluted  drill,  shown  in  Fig. 
58  are  used.  As  they  are  ordinarily  made  of  much  shorter  lengths  than 
the  hole  to  be  drilled  is  likely  to  be,  some  means  must  be  used  to 
lengthen  them  sufficiently  to  allow  of  the  reach  desired.  This  can%be 
accomplished  by  first  turning  the  shank  end  of  the  drill  below  size. 
The  stem  or  shaft  to  lengthen  the  drill  can  be  a  piece  of  cold  rolled 
steel  of  the  same  diameter  as  the  drill.  A  hole  is  made  in  one  end  of 
this  stem  of  a  size  that  will  closely  fit  the  reduced  shank  of  the  drill. 
The  turned  down  shank  of  the  drill  is  then  "tinned"  with  solder  and 
some  of  the  soldering  acid  is  dropped  into  the  hole  in  the  stem.    To 


Flff.  56. 


UUm$Utai  Pim%.S.  r. 


A«.  57, 


ImdmtMml  Flmf.^-  r. 


Flff.  58. 
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Flff.  59. 

FIffs.  66  to  60.    Tools  Used  tn  Spindle  Boilnff . 

put  the  two  parts  together,  grasp  the  drill  next  to  the  reduced  end 
with  a  pair  of  gas  pipe  pliers,  and  by  holding  the  tinned  end  of  the 
drill  and  the  drilled  end  of  the  stem  in  a  Bunsen  flame,  they  can, 
when  heated  sufficiently  to  make  the  solder  run,  be  forced  together. 
When  cool  they  will  be  capable  of  withstanding  great  stress.  This 
process  is  termed  in  the  shop  "sweating  in"  a  drill. 

Where  the  hole  which  is  to  be  drilled  is  of  such  a  depth  relative  to 
its  diameter  as  to  make  the  length  of  shaft  or  stem  so  great  that  It 
will  be  too  slender  to  use  when  the  hole  is  flrst  started,  several  stems 
of  varying  lengths  may  be  provided.  The  process  of  sweating  on  these 
stems  is  so  simple  that  one  stem  when  used  to  its  depth  can  be  unsol- 
dered and  another  and  longer  one  sweated  into  its  place.  The  holding 
of  the  drill  in  a  hand  vise  or  pipe  pliers  when  soldering  insures  keep- 
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iug  the  flutes  cool  beyond  the  part  so  held  and  the  hardness  of  the 
cutting  parts  Is  not  disturbed.  In  deep  drilling  with  this  tool  it  1» 
necessary  to  withdraw  the  drill  as  often  as  the  flutes  are  filled  with 
chips,  to  allow  of  their  removal  and  also  to  lubricate  the  cutting  edges. 
As  this  is  time  consuming,  when  many  spindles  are  to  be  drilled  in 
the  lathe,  the  oil  tube  drills  shown  in  Fig.  57  are  better  for  the  pur-' 
pose.  The  oil  tubes  are  joined  at  the  rear  end  or  shank  of  the  drill 
and  are  covered  by  some  form  of  hollow  bushing.  This  bushing  is 
tapped  upon  its  circumference  to  take  a  3hort  piece  of  gas  pipe.  A 
.  hose  connection  between  this  short  piece  of  gas  pipe  and  the  oil  pump 
allows  the  oil  to  be  forced  through  the  oil  tubes  to  the  cutting  lips. 
To  allow  the  chips  and  oil  to  force  out,  two  straight  grooves  are 
milled  on  opposite  sides  of  the  stem  or  shaft  and  connecting  with  the 
helical  or  twisted  flutes.  To  break  up  the  chips  and  insure  their  be- 
ing forced  out  by  the  oil,  notches  or  steps  are  ground  in  the  cutting 
lips  of  the  drill.  These  notches  must  always  be  of  a  greater  depth 
than  the  distance  the  drill  advances  per  revolution^  If  the  drill  is 
sharpened  upon  a  drill  grinding  machine,  each  lip  will  cut  evenly,  and 
chips  should  come  away  evenly  from  each  cutting  edge.  Drill  grinders, 
however,  are  designed  to  leave  the  end  of  the  drill  of  such  a  form  as 
will  allow  it  to  just  clear  the  bottom  of  the  hole  being  drilled.    As  the 


Iff.  00.    Half  Bound,  or  "Hoff-nooa"  DrUL 

oil  tubes  end  in  this  surface,  the  -oil  is  prevented  by  this  small  clear- 
ance from  flowing  to  the  full  capacity  of  the  tubes,  and  it  is  neces- 
sary to  grind  off  the  back  edge  of  the  flute  squarely  up  to  the  end  of 
the  oil  tube.  This  weakens  the  cutting  edge  somewhat,  but  does-  not 
do  so  to  an  extent  worth  considering  and  allows  of  a  free  flow  of  oil. 
The  half  round  or  hog  nose  drill  shown  in  Fig.  60  can  be  used 
in  either  the  engine  lathe  for  drilling,  or  in  a  special  drilling  machine 
designed  for  drilling  spindles.  It  is  commonly  used,  in  fact,  in  the  spe- 
cial drilling  machines  of  one  well-known  machine  tool  company,  for  all 
holes  under  one  and  one-quarter  inches.  In  its  smaller  sizes  the  hog 
nose  drill  is  usually  made  of  tool  steel  and  the  cutting  end  cleared 
and  hardened  the  same  as  a  lathe  tool.  In  the  larger  sizes  the  drill 
Is  made  of  machine  steel,  and  a  tool  steel  cutting  blade  is  fitted  to 
the  leading  end.  The  edge  of  this  drill  is  also  notched  to  break  up  the 
chips  as  In  the  drills  spoken  of  above.  This  drill,  when  correctly 
made,  ground,  and  started,  will,  if  well  lubricated,  leave  as  round,  true, 
and  finished  a  hole  as  any  other  drill. 

Drlllinsr  the  Hole  in  Spindles. 
In  Fig.  61  is  shown  an  engine  lathe  set  up  for  drilling  the  length- 
wise hole  in  a  spindle.    In  this  case,  as  the  spindle  is  rather  slender 
and  liable  to  spring  while  it  is  being  worked  upon,  the  tapered  center 
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hole  is  made  the  last  operation  in  the  construction,  the  bearings  being 
ground  just  previous.  This  order  should  always  be  followed  for  slen- 
der spindles  to  insure  the  truth  of  the  tapered  hole  with  relation  to 
the  bearings.  The  spindle  is  first  roughed  to  a  finishing  allowance,  and 
short  bearings  are  turned  upon  the  ends  to  a  high  degree  of  accuracy 


Flff.  61.    Lathe  Arranffed  tar  SplxuUe  Drllltnff. 


Flff.    62.    DrilUnff  for  the  Taper  Hole. 

for  center  rest  support.  The  larger  end  or  nose  of  the  spindle  is 
placed  upon  the  live  center,  which  is  supposed  to  be  trued  up  nicely, 
and  is  held  in  place  on  the  center  by  a  "hold  back"  as  shown.  The 
smaller,  or  what  will  finally  be  the  back  end,  is  run  in  a  center  rest, 
and  is  drilled  into  a  short  distance  with  a  drill  somewhat  smaller  in 
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diameter  than  the  drill  to  be  finally  used.  An  inside  boring  tool  held 
in  the  lathe  toolpost  is  then  used  to  enlarge  the  small  hole  to  a  size 
that  will  allow  the  drill  it  is  intended  to  use  to  Just  slip  in  without 
shaking.    The  drill  is  in  this  manner  started  in  its  cut  perfectly  con- 


Fig.  68.   Boring  tbe  Taper  Hole. 


Pig.  64.    Reaming  the  Taper  Hole. 

centric  with  the  center  line  of  the  work.  Drills  sweated  into  shanks 
or  stems  of  varying  lengths  are  used  to  drill  the  hole  to  a  depth  suf- 
ficient to  meet  the  tapered  center  hole  when  it  is  machined.  This 
leaves  the  center  hole  in  the  face-plate  end  of  the  spindle  untouched 
until  all  operations  are  finished.     Before  removing  the  spindle  from 
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the  center  rest,  the  edges  of  the  hole  are  chamfered  to  an  angle  of  60 
degrees  and  to  a  sufficiently  broad  surface  to  form  a  bearing  for  the 
centers  when  finishing  and  grinding.  If  the  spindle  is  stlft  enough 
to  warrant  finishing  the  tapered  center  hole  before  grinding  and 
finishing  the  spindle,  it  must  be  held  with  the  small  end  trued  up  in 


Flff.  66.    Us«  Of  Teat  Bar  and  Indloator. 


Flff.  66.    Testing  at  the  Inner  Bnd  of  Bar. 

a  chuck  instead  of  on  the  live  center.  This  brings  the  work  in  the 
reverse  of  the  position  shown.  The  nose  is  held  in  the  center  rest,  a 
true-running  bearing  having  been  turned  where  it  is  to  bear  in  the 
center  rest.  As  said  before,  the  spindle  is  roughed  to  a  finishing  size 
before  drilling.    The  hole  is  then  started  true  and  is  drilled  as  before. 
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If  the  hole  is  large  enough,  however,  and  the  spindle  stiff  enough,  the 
hole  may  be  drilled  by  using  some  of  the  oil  tube  drills  mentioned 
above. 

Machining  the  Tapered  Hole. 

Pig.  62  shows  the  spindle  mounted  ready  to  have  the  tapered  center 
hole  machined.  The  drill  used  to  rough  the  hole  Is  slightly  smaller  In 
diameter  than  the  finished  hole  is  to  be  in  its  smallest  part.  After  the 
hole  is  drilled,  a  roughing  reamer  like  the  one  shown  in  Fig.  71  is  used 
to  fully  jough  out  the  hole.  This  leaves  the  hole  of  an  approximate  size 
and  taper.  To  true  the  hole  to  perfect  concentricity,  it  is  bored  out 
with  an  inside  boring  tool  held  in  the  lathe  toolpost,  as  in  Pig.  63.  A 
lathe  having  either  a  compound  toolpost  or  a  taper  attachment  must 
be  used  for  this  Job.  The  first  setting  of  the  taper  will  scarcely  be 
more  than  an  approximation,  and  alterations  must  be  made  after  each 
cut  until  the  tapered  hole  is  like  the  gage  used.     A  plug,  as  shown 
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in  Pig.  70,  may  be  provided  for  a  gage,  or  the  finishing  reamer, 
Fig.  72,  may  be  used  to  try  the  taper  with.  Fig.  63  is  a  back  view  of 
the  lathe  and  shows  the  taper  attachment  arranged  to  bore  the 
tapered  center  hole.  The  hole  is  bored  in  this  manner  to  the  right 
diameter  and  finished  smooth  by  scraping  out  a  few  thousandths  with 
the  finishing  reamer  held  as  shown  in  Fig.  64.  If  all  the  operations 
have  been  carefully  carried  out,  the  hole  will  be  true  when  tested  with 
the  bar  shown  in  Fig.  67.  This  test  bar  is  of  tool  steel,  hardened  and 
ground  upon  the  tapered  surface  and  at  the  diameters  A  and  B.  Its 
length  outside  the  tapered  part  may  vary  from  seven  inches  to  fifteen 
Inches,  and  it  must  be  known  to  be  perfectly  straight  and  round.  To 
use  this  bar  the  tapered  hole  is  carefully  wiped  out,  so  that  no  chips  or 
oil  be  present.  The  bar  is  then  inserted  and  pressed  home  with  a 
'slightly  twisting  pressure.  A  Bath  indicator  can  then  be  held  in  the 
tool  post  of  the  lathe  with  its  feeling  point  touching  the  test  bar  as 
in  Fig.  65.     The  work  is  rotated  at  a  medium  speed  and  the  bar  is 
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tried  at  both  A  and  B.  If  the  error  shown  by  the  indicator  is  greater 
than  the  limit  set  for  the  job,  a  light  cut  with  the  boring  tool  and 
another  light  reaming  may  be  necessary.  If,  however,  the  hole  is  only 
slightly  out  of  true,  the  high  side  of  the  hole  can  be  marked,  and  a 
light  scraping  with  the  finishing  reamer  upon  that  side  will  true  it  up. 
Not  much  stock  must  be  removed  in  this  way,  as  the  result  of  scrap- 
ing upon  one  side  only  is  to  make  the  hole  oblong  instead  of  round. 
When  the  hole  has  been  bored  and  reamed  very  carefully,  the  bar  will 
not  usually  run  out  on  the  first  trial  more  than  0.001  inch  in  10  inches, 
and  a  touch  of  scraping  will  put  this  error  right.    The  inside  boring 
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Flff.  71.    Rouffhlng  Taper  Reamer. 

tool  shown  held  in  the  toolpost  in  Fig.  63  is  the  common  forged  tool, 
and  its  usual  form  is  shown  in  Fig.  69.  Where  shallow  holes  are  to 
be  turned  out  this  is  a  good  tool  and  is  cheaply  made.  The  tool  and 
holder  shown  in  Fig.  68  is,  however,  a  better  form  when  much  work 
Is  to  be  done.  The  bar  that  holds  the  tool  can  be  revolved  to  bfing 
the  tool  point  into  any  desired  relation  to  the  hole.  By  the  use  of 
suitable  bushings,  bars  of  any  diameter  may  be  used,  and  the  length 
of  bar  can  be  easily  suited  to  the  length  of  the  hole  it  is  to  be  used 
upon.  This  holder  takes  several  shapes  or  forms  in  different  shops, 
and  is  well  worth  its  cost.    When  large  holes  are  to  be  started  in  the 
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end  of  the  spindle,  a  small  drill  may  be  used  to  drill  a  shallow  hole. 
The  shallow  hole  can  then  be  turned  concentric  with  an  inside  boring 
tool,  as  stated  above,  and  finally  enlarged  to  the  diameter  of  the  drill 
to  be  used  by  counterboring  with  the  tool  shown  in  Fig]  73.  The  teat 
or  leader  a  is  a  nice  fit  in  the  smaller  concentric  hole,  and  leads  the 
cutting  edges  straight  with  the  center  line.  A  depth  sufficient  to  ad- 
mit the  sizing  drill  beyond  its  cutting  edges  is  all  that  needs  to  be 
made  with  the  counterbore. 

Taper  reamers  have  a  tendency  to  draw  into  the  work  when  in  use. 
To  counteract  the  drawing-in  action,  it  is  common  practice  to  cut  a 
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left-hand  helix  upon  the  reamer.  Finishing  reamers  are,  however, 
seldom  treated  in  this  manner,  as  their  use  is  Just  to  scrape  the  hole 
to  a  perfect  surface. 

It  may  be  mentioned  here  that  there  are  several  errors  that  one  is 
apt  to  make  in  finishing  a  tapered  hole  in  a  spindle.  1.  If  the  spindle  is 
slender,  care  must  be  taken  that  the  hold-back  or  clamp  does  not  spring 
the  work  by  being  tightened  up  too  hard.  Anything  more  than  enough 
to  hold  the  work  to  the  center  is  too  much.  2.  In  turning  out  the  hole 
with  the  boring  tool,  set  the  cutting  point  at  the  height  of  the  center 
line  of  the  lathe  spindle  to  get  a  true  tapered  hole.    3.  Be  sure  that  the 


Flff.  74.    Bath  Test  Indicator. 

center  line  of  the  work  and  the  live  and  dead  centers  are  coincident 
with  the  center  line  of  the  spindle.  Fig.  74  shows  the  interior  of  the 
Bath  indicator  and  the  several  feeling  points  used.  This  is  a  very 
sensitive  tool.  A  movement  of  l-2000th  inch  of  the  feeling  point  moves 
the  indicator  finger  a  distance  of  l-12th  inch. 

Borinsr  Crucible  Steel  Forgrinff  Spindles. 
Crucible  steel  forgings  for  lathe  spindles,  as  delivered  to  the  work- 
man, are  usually  somewhat  crooked  and  may  be  enough  so  as  to  re- 
quire straightening,  but  there  is  usually  an  excess  of  stock  to  finish, 
and  if  the  centers  are  located  with  judgment,  the  forging  will  finish 
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ImdtistrUil  Prm.  S.T. 
Flff.  76.    Simple  Method  for  Looatlnff  Centers. 

out.  Various  ways  of  locating  the  centers  are  in  use  in  difterent  shops. 
The  cut,  Fig.  75,  illustrates  the  method  in  use  in  one  shop.  Two 
"ways,"  similar  to  those  used  in  balancing  pulleys,  are  provided,  and 
the  forging  is  laid  across  these.  Care  must  be  exercised  to  have  the 
"ways"  placed  so  that  the  center  of  what  is  to  be  the  journal  bearing  is 
central  with  them.  The  journals  are,  of  course,  the  most  impor- 
tant parts  of  the  spindle  and  must  clean  out  when  to  size.  The 
forging  is  rolled  into  several  positions  on  the  "ways,"  and  is  scribed 
across  each  end  with  a  scratch  block  or  a  surface  gage,  and  the  center 
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located  with  a  center  punch.  The  center  drilling  and  reaming  is 
afterwards  done  under  a  drill  press,  and  the  forging  is  ready  for  the 
reduction  lathe.  With  high-speed  steel  tools  the  forgings  are  roughed 
to  approximate  sizes  and  shapes  at  a  rapid  rate.  A  feed  of  1/16 
inch   per   revolution   is   a   common   standard,   with   a   depth   of   cut 


Flff.  76.    Spindle  Boring  Lathe. 

of  %-inch  and  a  surface  speed  of  one  hundred  and  twenty-five  to  two 
hundred  feet  per  minute.  While  coarser  feeds  and  depths  of  cut  are 
possible,  it  is  not  usual  to  push  the  tool  much  beyond  those  given,  on 
work  of  this  size. 

From  the  reduction  lathe,  where  the  roughing  is  done,  the  spindle 
goes  to  the  special  spindle  drilling  lathe  illustrated  in  Figs.  76,  77, 


Fig.  T7.    DrlUing  the  Hole  through  the  Spindle. 

and  in  section  in  Fig.  82,  in  which  latter  cut  the  drill  appears  in  con- 
nection with  its  extension  tube.  In  Fig.  84,  c,  Is  shown  a  drill  with 
straight  flutes  and  In  Fig.  83  one  with  spiral  flutes.  Either  of  these 
drills  may  be  used  as  tools  in  the  drilling  lathe  shown. 

In  Fig.  76,  a  is  the  tubular  extension  of  the  drill  6.    The  tool  clamp 
c  is  held  upon  an  ordinary  lathe  carriage  and  is  fed  to  the  work  in  the 
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same  manner  as  a  lathe  tool  in  regular  turning  operations;  d  is  a  cen- 
ter rest  or  guide  and  serves  two  purposes.  It  centers  the  drill  and 
steadies  it  to  its  work,  and  it  also  furnishes  a  resenrolr  through  which 
oil  is  pumped  to  the  drill  as  it  cuts  its  way  through  the  blank.  As 
shown  in  Figs.  76  and  78,  d  is  drawn  back  from  the  drilling  position  to 


Tig.  78.    Showlnff  ttae  Guide  Drawn  Back  to  Rzpos«  tta«  DrUl. 


Flff.  70.    Boaghlng  Out  the  Tapered  Hole. 

show  the  drill  more  clearly.  In  use  It  is  close  to  the  end  of  the  spin- 
dle or  embraces  the  end  as  shown  in  Figs.  77  and  82.  The  tank  e  is 
attached  (o  the  carriage  by  a  hook  and  is  towed  by  it.  The  oil  and 
chips  fall  into  this  tank  as  they  are  forced  through  the  tube  a  by  the 
pump  pressure.     The  front  end  of  the  tank  is  made  of  wire  netting. 
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and  this  allows  the  oil  to  drain  to  the  lathe  bed,  the  chips  being  held 
back  by  the  netting.  The  lathe  bed  is  fitted  with  a  bottom  for  holding 
oil,  and  is  furnished  with  a  pump  to  force  the  oil  to  the  cutting  edges 
of  the  drill. 

By  comparing  Fig.   83  and  Fig.  84,  c,  it  will  be  seen   that  the  oil 


Pig.  80.    Trulnff  the  Hol«  In  th«  Bnd  ofth*  Bptndle  with  Boring  Tool. 


Fig.  81.    Acctxrate  Method  of  Testing  Hole  in  Spindle. 

from  the  pump  strikes  the  outside  of  the  drill  at  the  rear  end  of  the 
flutes  and  is  forced  along  the  flat  channels  on  the  outer  surface  until 
it  reaches  the  cutting  end  of  the  drill.  The  oil  then  returns  by  the 
deep  grooves  to  the  hole,  where  the  grooves  meet,  and  thus  enters  the 
tube  a,  passing  to  the  tank  e,  taking  along  at  the  same  time  the  chips 


Digitized  by 


Google 


SPINDLE  CONSTRUCTION 


ATf 


as  they  are  cut  from  the  stock.  To  ensure  a  free  flow  of  oil  past  the 
cleared  end  of  the  drill,  the  backing  at  the  end  of  the  flute  njust  be 
ground  sharply  away,  as  previously  mentioned.  Small  grooves  are 
ground  or  milled  along  the  cutting  lips  to  break  the  chips  to  a  size 
that  can  be  made  to  force  out  with  the  oil.  While  Fig.  76  and  Fig.  82 
show  details  of  the  several  parts,  Fig.  77  is  from  a  photograph  of  a, 
spindle  drilling  lathe  in  actual  use. 

FinlBhlnflT  the  Spindle. 
When  the  drilling  is  completed,  several   methods  of  finishing  the 
spindle  are  in  vogue,  and  some  of  these  methods  may  be  of  interest. 
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Fig.  83.   Section  of  DiHl  Bhowloff  M«»ns  for  OU  Circulation. 

When  the  hole  through  the  spindle  is  completed,  the  spindle  should  be 
laid  aside  for  a  time,  so  that  all  the  strains  may  be  relieved.  If  it  1b 
desired  that  the  tapered  or  center  hole  be  finished  before  the  spindle  is 
ground  to  dimensions,  a  hardened  and  ground  plug  with  a  true  running 
center  is  driven  into  the  rear  of  the  spindle,  and  it  is  then  mounted  in 
a  center  rest  as  shown  in  Fig.  79.  The  roughing  reamer  is  shown  in 
position  to  begin  roughing  the  hole  to  an  approximate  size  and  taper. 
vThe  holder  for  the  roughing  reamer  is  a  sleeve  with  the  back  end 
tapped  to  -take  an  adjustable  threaded  center.  The  shamk  of  the  rough- 
ing reamer  is  made  to  fit  loosely  in  the  cylindrical  holder  and  is  kept 


Flff.  88.    Drill  with  Channels  for  O.l. 

from  turning  by  a  pin  through  the  holder  and  the  reamer  shank.  The 
rear  center  hole  of  the  reamer  is  held  upon  the  threaded  center,  and 
the  reamer  is  as  free  to  adjust  itself  as  possible,  the  pin  preventing  its 
slipping  off  the  center,  and  also  preventing  it  from  turning.  The  hole 
is  afterward  bored  to  perfect  concentricity  by  using  an  inside  boring 
tool  held  as  in  Fig.  80.  To  finish  the  hole,  a  tapered  finishing  reamer 
is  held  rigidly  in  the  tool  block  and  is  used  to  scrape  the  hole  smooth. 
As  little  stock  as  possible  is  removed  by  this  last  operation.  The  plug 
in  the  rear  end  of  the  hole  is  next  driven  out,  and  the  rear  end  of  the 
spindle  is  countersunk  by  using  the  tool  shown  at  d,  Fig.  84.     This 
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tool  is  a  combined  countersink  and  pilot  and  is  furnished  with  sleeves 
that  fit  nicely  into  the  longitudinal  hole. 

The  test  bar  shown  in  Fig.  67  is  placed  in  ttie  tapered  hole  and  the 
spindle  and  bar  are  held  on  centers  in  a  lathe  as  in  Fig.  81.  If  now 
it  Is  found  that  the  test  bar  shows  eccentricity  at  the  front  end  of 
the  spindle,  the  rear  reamed  center  is  scraped  until  the  test  bar  re- 


Flff.  84.    Tools  used  in  Maohloinff  the  Spindle  Hole. 

volves  true  when  tested  with  the  "indicator."  When  this  is  attained 
it  is  sure  that  the  center  reaming  in  the  rear  end  is  true  with  the 
finished  tapered  hole,  and  when  a  true  running  plug  is  centered  in 
the  tapered  hole  the  spindle  is  in  readiness  to  be  threaded,  keyseated, 
and  ground  to  fit  the  several  gears,  pulleys,  bearings,  etc.,  that  are 
placed  on  it.  If  after  these  operations  are  completed  the  spindle  does 
not  test  up  true,  there  has  been  carelessness  In  some  of  the  operations. 


Pig.  86,    Arbor  used  when  Grinding  Spindle. 

AVhen  the  face  gear  next  to  the  front  bearing  is  keyed  into  place,  it  is 
necessary  to  countersink  it  lightly,  and  then  stake  down  the  shoulder 
on  the  spindle  hard  enough  to  prevent  the  gear  slipping  along  the 
spindle  when  the  lathe  center  is  driven  out.  While  staking  this  gear 
on,  frequent  tests  should  be  made  to  see  that  the  spindle  is  not 
thrown  out  of  truth.  The  method  of  finishing  that  follows  is  another 
good  way  of  completing  the  spindle. 
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After  the  long  hole  is  drilled,  the  edges  of  the  hole  at  each  end  are 
chamfered  to  a  60  degree  bearing,  using  as  before  the  special  counter- 
sink shown  in  Pig.  84,  d,  and  the  spindle  is  turned  to  leave  0.007  of 
an  inch  oh  all  diameters  for  grinding,  and  all  keyways  and  threads 
are  cut  except  the  thread  on  the  nose  of  the  spindle.  An  arbor  such 
as  the  one  shown  in  Fig.  85  is  then  passed  through  the  spindle  and 
tightened  into  place  by  the  nut  shown.  This  arbor  being  a  standard 
upon  which  many  pieces  may  be  ground,  no  pains  should  be  spared 
to  make  sure  that  all  surfaces  are  square  and  true  with  the  center  line. 
All  the  grinding  is  done  with  the  spindle  mounted  upon  this-  arbor, 
and  as  the  centers  in  the  arbor  are  lapped  to  as  near  perfection  as 
possible,  and  are  so  hard  that  the  wear  is  small,  this  method  would 
seem  to  give  very  perfectly  ground  surfaces.  The  tapered  hole  is 
finally  finished  by  holding  the'  spindle  upon  the  live  center  and  in  a 
center  rest,  as  formerly  described.  The  truth  of  the  tapered  hole 
can  be  tested  with  the  "Bath"  indicator  as  in  Fig.  65,  or  the  indicator 
point  may  be  used  against  the  inside  of  the  tapered  hole  if  it  is  de- 


Flff.  86.    Method  of  T«stlnff  Taper  Hole. 

sired.  This  latter  method  of  testing  is  shown  in  Fig.  86,  but  the  one 
shown  in  Fig.  65  is  to  be  preferred  if  the  greatest  accuracy  is  desired. 
Still  another  method  is  to  rough-ream  the  center  hole,  and  then  grind 
the  several  bearings  upon  plugs  driven  into  the  ends  of  the  spindle. 
When  the  gears  and  the  cone  pulley  are  in  place,  the  spindle  is 
scraped  and  fitted  into  its  bearings.  After  this  is  done  the  headstock 
Is  mounted  on  the  bed  of  the  machine,  and  the  tapered  center  hole  is 
bored  out  true  with  a  tool  held  in  the  tool  block,  and  then  reamed 
lightly  and  tested  as  before  until  it  is  true  running  within  the  limit 
of  error  set.  This  method  Is  a  very  good  one  if  the  spindle  has  not 
changed  after  it  was  ground,  it  is  quite  likely,  however,  that  some 
changes  have  taken  place  when  the  gears  were  keyed  on,  and  the 
spindle  is  out  of  true.  If  the  center  hole  is  then  bored  with  the 
spindle  in  its  bearings  the  center  hole  is  true  with  an  imperfect  and 
twisted  spindle.    Using  the  lathe  tends  to  relieve  the  strains  put  into 
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the  spindle  by  keying  and  staking  on  the  gears,  and  it  assumes  its 
original  truth  as  ground.  This  throws  the  tapered  center  hole  out 
of  line  with  the  lathe,  and  results  in  a  poor  running  live  center  and  one 
that  can  only  by  accident  be.  replaced  and  run  true.  By  the  first 
two  methods  for  finishing  the  center  hole  and  the  surface  of  the  spindle 
true  with  each  other,  any  changes  made  when  setting  up  can  be  de- 
tected and  remedied  at  the  time  of  their  occurrence. 

The  spindles  made  by  the  above  described  methods  are  usually  of 
sixty  point  carbon  and  are  unhardened.  If  greater  wearing  qualities 
are  desired  in  the  spindle  bearings  than  such  spindles  will  give,  low 
carbon  steel  is  often  used  for  the  spindle,  and  the  bearings  are  then 
casehardened.  The  casehardening  is  done  Just  before  the  grinding 
and  fitting  and  is  from  1/32  inch  to  1/16  inch  deep,  and  only  on  the 
surfaces  used  for  the  bearings.  To  accomplish  this,  the  parts  it  is  de- 
sired to  retain  soft  are  copper-plated  before  treating  the  surfaces  it  is 
desired  to  harden.  This  copper-plating  prevents  the  action  of  the  case- 
hardening  compound  upon  these  surfaces,  and  the  unplated  surfaces 
only  are  hardened. 

In  grinding  spindles  with  a  long  keyway  in  the  surface,  as  for  in- 
stance a  drill  press  sirindle,  it  is  usual  to  fit  a  strip  of  hard  wood  into 
the  keyway,  and  then  shape  the  wood  to  the  circumference  of  the  spin- 
dle. When  grinding  spindles  it  is  desirable  to  have  two  grinding  ma- 
chines so  set  as  to  have  the  workman  between  the  two.  One  machine 
will  have  a  coarser  wheel  mounted  and  will  bring  the  spindles  to  with- 
in 0.001  of  an  inch  of  size;  they  can  then  be  finished  upon  the  second 
machine  with  a  finer  wheel,  leaving  a  surface  that  does  not  need  polish- 
ing. A  feed  of  from  one-quarter  to  three-eighths  inch  per  revolution 
should  be  maintained  when  grinding,  and  the  spindle  should  be  amply 
supported  by  back  rests. 


Digitized  by  LjOOQ  IC 


No.  10.  EIxAMPLKS  OF  MACHINE  Shop  PRACTICE. — ^Three  chapters  on  Cut- 
ting Bevel  Gears  with  a  Rotary  Cutter,  Spindle  Construction,  and  the  Making 
of  a  Worm-Gear.  The  descriptions  of  the  operations  are  profusely  illustrated, 
demonstrating  the  value  of  the  camera  for  telling  the  story  of  machine  shop 
work,  and  for  graphic  instructions  in  the  methods  of  machine  shop  practice. 

No.  11.  Beabjngs. — Design  of  Bearings,  Hot  Bearings,  Oil  Grooves  and 
Fitting  of  Bearings,  Luhrication  and  Lubricants,  and  Ball  Bearings. 

No.  12.    Mathematical  Principles  of  Machine  Design. — The  matter  pre- 
sented Is  almost  entirely  the  work  of  Mr.  C.  F.  Blake,  a  name  very  familiar  to 
the  readers  of  Machinery.     Draftsmen  and  designers  will  find  the  chapters  on  , 
the  Efficiency  of  Mechanisms  and  Notes  on  Design  full  of  valuable  suggestions. 

No.  13.  Blanking  Dies. — Contains  chapters  dealing  with  Blanking  Dies  in 
general,  the  Design  of  Dies  for  Cutting  Stock  Economically,  Split  Dies,  and 
General  Notes  on  Die  Making. 

No.  14.  Details  of  Machine  Tool  Design. — Contains  chapters  on  the  deter- 
mination of  the  Diameters  of  Cone  Pulleys,  the  Relation  between  Cone  Pulleys 
and  Belts, 'the  Strength  of  Countershafts,  and  Tumbler  Gear  Design. 

No.  15.  Spur  Gearing. — Contains  chapters  on  the  First  Principles  of  the 
Action  of  Gears,  the  Arithmetic  of  Spur  Gearing,  Formulas  for  the  Strength  of 
Gear  Teeth,  and  the  Variation  of  the  Strength  of  Gear  Teeth  with  the  Velocity. 

No.  16.  Machine  Tool  Drives. — Contains  chapters  on  the  Speeds  and 
Feeds  of  Machine  Toole;  Machine  Tool  Drives;  Single  Pulley  Drives;  and 
Drives  for  High  Speed  Cutting  Tools. 

No.  17.  Strength  ob^  Cylinders. — Deals  with  the  subject  of  strength  of 
cylinders  against  internal  hydraulic  or  steam  pressure.  Formulas,  tables  and 
diagrams  are  given  to  facilitate  the  design  of  such  cylinders. 

No,  18.  ARmiMEi'ic  FOR  the  Machinist. — Among  the  various  subjects 
treated  are  the  following:  The  Figuring  of  Change  Gears;  Indexing  Movements 
for  the  Milling  Machine;  Diameters  of  Forming  Tools;  and  the  Turning  of 
Tapers.    Simple  directions  are  given  for  the  use  of  tables  of  sines  and  tangents. 

No.  19.  Use  of  Formlxas  in  Mechanics. — This  pamphlet  is  adapted  for  the 
man  who  lacks  a  fundamental  knowledge  of  mathematics.  It  opens  with  a 
chapter  on  mechanical  reading  in  general,  and  proceeds  to  explain  thoroughly 
the  use  of  formulas  and  their  application  to  general  mechanical  subjects. 

No.  20.  Spiral  Gearing. — A  simple,  but  complete,  treatment  of  the  subject, 
from  a  practical  point  of  view,  giving  directions  for  calculating  and  cutting 
helical,  or,  as  they  are  commonly  called,  spiral  gears. 

Lack  of  space  prevents  a  description  of  the  following  very  useful  and  in- 
teresting pamphlets:  — 

No.  21.  Measuring  Tools, — ^No.  22.  Calculations  of  Elements  or  Ma- 
chine Design. — No.  23.  The  Theory  of  Crane  Design. — No,  24.  Examples  of 
Calculating  Designs. 

O  THER  PAMPHLETS  IN  THE  SERIES  WILL  BE  ANNOUNCED  IN  MACHINERY 
FROM  TIME  TO  TIME, 
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